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1. Materials, Methods and Experiments 
Reactants,	 reagents	and	 solvents	used	herein	were	procured	 from	Sigma-Aldrich	 (Sigma-
Aldrich	AS,	Norway)	in	analytical	quality	unless	specified	otherwise.	Solid	phase	extraction	
(SPE)	 cartridges	 were	 purchased	 from	 VWR	 (VWR	 International,	 Darmstadt,	 Germany).	
Nuclear	magnetic	resonance	spectra	were	recorded	on	a	Bruker	AVII	400	NMR	instrument	
(Bruker	 ASX	 Nordic	 AB).	 Chemical	 shifts	 (δ)	 for	 proton	 (400	 MHz)	 and	 13C	 (100	 MHz)	
resonances	are	reported	in	parts	per	million	(ppm),	relative	to	the	solvent	signal	(CDCl3	δ	=	
7.226	ppm),	downfield	from	the	expected	tetramethylsilane	signal	(TMS,	δ	=	0	ppm).	Mass	
spectrometry	 was	 conducted	 on	 a	 Q-Tof-2	 mass	 analyser	 (Micromass,	 Q-Tof-2TM)	 using	
electron	 spray	 ionization	 in	positive	mode	 (+ESI).	 For	quality	 control	 and	analysis	of	 the	
radiochemical	yield,	a	Phenomenex	Luna	PFP(2)	column	(5	µm,	100	Å,	250	mm	×	4.6	mm)	
or	a	Supelco	HS	F5	of	equal	dimensions	were	used	as	a	stationary	phase	with	an	isocratic	
mixture	 of	 MeCN-water	 as	 a	 mobile	 phase	 at	 a	 flow	 rate	 of	 1.5	 ml/min.	 RadioTLC	 was	
conducted	 on	 Silica	 gel	 60	 F254	 coated	 aluminum	 TLC	 plates	 (Supelco,	 USA).	 RadioTLC	
plates	 were	 analysed	 using	 a	 raytest	 miniGita	 radioTLC	 scanner	 (Raytest	 GmBH,	
Straubenhardt,	 Germany).	 All	 other	 radioactivity	 measurements	 during	 labelling	
experiments	 and	 radiotracer	 productions	 were	 performed	 using	 a	 Wallac	 Wizard	 well	
counter	(PerkinElmer,	Oslo,	Norway).	

2. Initial radiochemistry – literature procedure: 
	
We	chose	a	reproduction	of	literature	results	for	radiofluorination	of	known	iodane	precursors	as	a	
starting	 point	 for	 our	 investigation.	 Besides	 published	 procedures,	 we	 explored	 a	 number	 of	
standardised	 labelling	 protocols	 of	 common	 use	 in	 the	 PET	 chemistry	 community.	 Table	 S1	
illustrates	the	outcome	of	baseline	experiments.	
	
Table	S1:	Yields	for	baseline	experiments	in	comparison	to	literature	and	screening	results.	

Entry	
(substrate)	

Conditions	 Product	
RCY	/	%a	

Lit.	 Lab.	

1	(1)	

	

DMF,	crypt-222,	K2CO3	

130	°C,	20	min	

4-[18F]fluorophen-1-yl	
benzyl	ether	

25±5a	

	

	

45±11	

	

2	(2)	
DMF,	crypt-222,	K2CO3	

130	°C,	20	min	
4-[18F]fluoroanisol	 15	±5a	 11±1	

3	(1)	
DMF/DMSO,	crypt-222,	K2CO3	

130	°C,	20	min	

4-[18F]fluorophen-1-yl	
benzyl	ether	

	 33.5(1)	

4	(1)	 DMF,	crypt-222,	KH2PO4	 4-[18F]fluorophen-1-yl	 	 9.6	(1)	
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130	°C,	20	min	 benzyl	ether	

5	(1)	
DMF,	crypt-222,	KH2PO4/	K2CO3	1:1	

130	°C,	20	min	

4-[18F]fluorophen-1-yl	
benzyl	ether	

	 35.2	(1)	

6	(1)	
DMF,	crypt-222,	KH2PO4/	K2CO3	9:1	

130	°C,	20	min	

4-[18F]fluorophen-1-yl	
benzyl	ether	

	 35.7	(1)	

7	(1)	

	

DMF,	crypt-222,	K2CO3	

130	°C,	20	min	

N-(4-[18F]fluoro	phen-1-
yl-N-methylformamide	

n	

.a.	

	

91±3	

8	(1)	
MeCN,	crypt-222,	K2CO3	

130	°C,	20	min	

4-[18F]fluorophen-1-yl	
benzyl	ether	

	

31b	
	

9	(2)	
MeCN,	crypt-222,	K2CO3	

130	°C,	20	min	
4-[18F]fluoroanisol	 16b	 	

A	=	Rotstein	et.	al.	Triethylammonium	bicarbonate,	DMF	
B	=	Cardinale	crypt-222/K2CO3,	MeCN	or	DMF	
	
As	 expected	 and	 consistent	 with	 literature	 reports,	 electron	 rich,	 i.e.	 strongly	 deactivated	 SNAr	
substrates	 were	 labelled,	 albeit	 to	 a	 low	 extend	 (table	 1,	 entry	 1-2)	 insufficient	 for	 routine	
application.	 Moreover,	 yields	 for	 substrate	 1	 are	 very	 variable	 when	 replicated.	 For	 us	 this	
observation	 was	 very	 meaningful	 since	 aromatic	 substitutions	 under	 no-carrier-added	 (n.c.a)	
conditions	 are	 normally	 quite	 robust.	 Despite	 good	 efforts	 including	 model	 reactions	 using	
activated	nitro-precursors	for	benchmarking	of	RCY,	basic	tweaking	of	the	described	conditions	did	
not	 lead	 to	 an	 improvement.	 We,	 hence,	 hypothesised	 that	 the	 yield	 was	 affected	 by	 a	 poorly	
controlled	yet	unknown	reaction	condition.	
In	initial	experiments	with	the	aim	to	analyse	fluorination	reactions	based	on	iodanes,	we	observed	
PhIO	 as	 a	 side	 product	 when	 excess	 base	 was	 present	 in	 the	 reaction	 mixture,	 therefore	 we	
experimented	 with	 milder	 bases	 to	 see	 if	 this	 might	 help	 stabilising	 the	 outcome,	 however,	 no	
useful	 improvement	 was	 observed	 (table	 1,	 entry	 3-6).	 Variation	 of	 the	 solvent	 (entry	 3)	 was	
equally	 fruitless.	 Entries	 8	 and	 9	 show	 published	 results	 from	 an	 earlier	 study	 in	 MeCN.	 When	
attempting	a	reproduction	we	struggled	with	partial	evaporation	of	the	solvent	and	discarded	the	
tests.	Nonetheless,	we	were	able	to	match	literature	yields	within	the	first	few	attempts	by	simply	
following	the	published	procedures.	Such	basic	reproducibility	gave	us	confidence	in	the	following	
optimisation	study.	
	

3. Quality control, determination of radiochemical yield and identity of labelled 
products: 
Quality	 control	 of	 final	 radiotracers	 and	 labelled	 model	 compounds	 was	 conducted	 using	 a	
radioHPLC	system.	Radiochemical	yields	were	primarily	determined	using	radioTLC	and	radioHPLC	
unless	volatile	products	were	present.	In	these	cases,	yields	were	determined	by	radioHPLC	alone.	
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Identity	 of	 labelled	 products	 was	 determined	 by	 coinjection	 of	 a	 non-radioactive	 reference	
compound.	The	delay	between	the	serially	connected	UV	and	radioactivity	detectors	was	measured	
so	that	identity	of	products	could	be	confirmed	by	co-elution	of	sample	and	reference,	respectively.	

3.1	RadioHPLC	analysis:	
An	aliquot	of	 the	 reaction	mixture	 (20	µl)	was	withdrawn	and	diluted	with	HPLC	mobile	
phase	 (200	 µl)	 and	 5-20	 µl	 of	 the	 diluted	 sample	were	 injected	manually	 into	 the	HPLC	
system.	The	mobile	phase	used	for	all	HPLC	experiments	was	MeCN-H2O,	1:1	at	a	flowrate	
of	1.5	ml/min.	A	Phenomenex	Luna	PFP(2)	pentafluorophenyl	modified	silica	gel	column,	
particle	 size	 5	 µm,	 pore	 size	 100	 Å	 of	 the	 dimensions	 250	 mm	 x	 4.6	 mm	 was	 used	 as	
stationary	phase.		

3.2	RadioTLC	analysis:	
An	aliquot	of	the	reaction	mixture	(10	µl)	was	withdrawn	and	diluted	with	CH2Cl2	(30	µl).	
TLC	 samples	were	 spotted	 10	mm	 from	 the	 bottom	 end	 of	 67	mm	 long	 TLC	 plates	 and	
briefly	 dried	 at	 RT.	 Plates	 were	 were	 developed	 in	 saturated	 glass	 chambers	 using	 the	
mobile	phases	shown	in	Table	S2	until	solvent	reached	the	top	end.	The	TLC	plates	were	
analysed	using	a	raytest	miniGITA	radioHPLC	detector	in	scanning	mode	over	the	distance	
of	0-70	mm	from	the	bottom	end	of	the	plate	for	1	minute.		

3.3	Chemical	purity:	
Chemical	purity	was	determined	after	substraction	of	background.	The	percentage	of	pure	product	
was	obtained	 from	 the	peak	area	of	 the	HPLC	UV	signal	 in	 the	product	 region	 in	 chromatograms	
followed	by	division	of	the	area	obtained	for	the	integral	of	the	entire	HPLC-UV-trace.	The	obtained	
fraction	was	multiplied	by	100%:	

𝑃𝑢𝑟𝑖𝑡𝑦 =  
𝑆𝑖𝑔𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 (𝑃𝑟𝑜𝑑𝑢𝑐𝑡)

𝑆𝑖𝑔𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 (𝑇𝑜𝑡𝑎𝑙 𝑐ℎ𝑟𝑜𝑚𝑎𝑡𝑜𝑔𝑟𝑎𝑚)
×100%	

3.4	Molar	radioactivity:	
A	 dose	 calibrator	 and	 UV-HPLC	 were	 used	 for	 determination	 of	 the	molar	 radioactivity	 AM.	 The	
activity	of	the	product	AV	(in	1	mL)	was	measured	using	a	calibrated	ionisation	chamber.	Linearity	
of	 the	 UV	 response	 in	 the	 relevant	 concentration	 range	 (0.1-10	 nmol/mL)	 was	 confirmed	 by	
injection	of	serial	dilutions	of	the	reference	compound.	Peak	areas	Area(Reference)	obtained	were	
plotted	against	reference	concentration	c(Reference)	of	each	 individual	sample	to	allow	for	 linear	
regression	analysis.	To	determine	concentration	of	 the	product,	 the	peak	area	of	 the	product	was	
divided	 by	 the	 peak	 area	 of	 a	 known	 reference	 within	 the	 linear	 range	 and	 multiplied	 by	 the	
reference	concentration:	

𝑐(𝑃𝑟𝑜𝑑𝑢𝑐𝑡) =  
𝐴𝑟𝑒𝑎 𝑃𝑟𝑜𝑑𝑢𝑐𝑡
𝐴𝑟𝑒𝑎 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

× 𝑐 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 ;  𝐴! =   
𝐴!  (𝑃𝑟𝑜𝑑𝑢𝑐𝑡)
𝑐(𝑃𝑟𝑜𝑑𝑢𝑐𝑡)

;  𝐴! =
𝐵𝑞
𝑚𝑜𝑙
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Table S2: TLC retention factors and HPLC retention time for key radiolabelled compounds. 
Entry	 Product	 TLC	retention	factor	 HPLC	retention	time	

	
1	

	

NA	 07:12	

2	

	

NA	 07:31	

3	

	

0.50a	 19:56	

4	

	

0.50b	 21:12	

5	

	

NA	 18:55	

6	

	

NA	 11:58	

7	

	

0.52a	 09:35	

8	

	

NA	 03:43	
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9	

	

NA	 14:40	

10	

	

NA	 14:09	

11	

	

0.74c	 02:55	

12	

	

0.38b	 20:25	

13	

	

NA	 ------------------------------	

14	

	

0.45d	 05.11e	

15	

	

0.58f	 07:14	

16	

	

0.65f	 NA		
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17	

	

NA	 5:31	

18	

	

NA	 05:23	

19	

	

0.48g	 17:31h	

20	

	

NA	 2:58h	

21	

	

0.38i	 NA	

22	

	

NA	 06.55	



	 8	

23	

	

0.60c	 03.23	

1: RadioTLC conditions: a = EtOAc-hexane, 3:40; b) = Hexane; c) = MeOH-CH2Cl2, 1:24 d) 
= MeOH-CH2Cl2, 1:49 e) = MeCN-MOPS (0.05M, pH 7.4), 4:6; f) = EtOAc-hexane, 1:1; g) = 
EtOAc-hexane: 1:4; h) = H2O-MeCN, 9:11; i) = MeOH-CHCl3, 1:9 (0.7%  NH4OH) 
2: RadioHPLC conditions: Flow rate: 1.5	 ml/min;	 Column:	 Luna	 PFP(2);	 Mobile	 phase:	
MeCN-H2O:	1:1	
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4. Synthesis of starting materials, reference compounds and labelled products 

4.1	Typical	procedure	A	(ylide	synthesis)i.	
Reaction	mixtures	were	kept	in	the	dark	at	all	times.	In	a	glass	vial	3-chloroperbenzoic	acid	
(77%,	1.4	mmol,	310	mg)	was	dissolved	in	DCM	(5	ml)	and	left	for	5	minutes	(excess	water	
adhered	to	glass	walls	of	vial).	To	iodoarene	(1	mmol)	in	a	capped	argon	flushed	vial	was	
added	 the	 3-chloroperbenzoic	 acid	 solution,	 care	 was	 taken	 to	 avoid	 transferring	 water	
droplets.	 The	 reaction	 mixture	 was	 heated	 to	 39	 degrees	 for	 80	 minutes.	 Major	 to	 full	
consumption	 of	 starting	 material	 was	 indicated	 via	 TLC	 analysis	 (8%	 MeOH	 in	 DCM),	
(under	UV	 light	was	 all	 intermediate	 compounds	visible	 in	 red	 that	upon	 iodine	 staining	
yielded	cream	white	coloured	crescents.	The	reaction	mixture	was	cooled	 to	10-15	 oC.	 In	
one	 portion	was	 added	KOH	 (10	mmol,	 560	mg)	 and	2,2-dimethyl-1,3-dioxane-4,6-dione	
(1.3	 mmol,	 187	mg).	 The	 reaction	mixture	 was	 kept	 for	 10–	 60	minutes	 until	 complete	
conversion	of	intermediate	was	observed	via	TLC	analysis	(8%	MeOH	in	DCM)	(new	in	UV	
light	visible	bands	that	upon	iodine	staining	stain	in	cream	white,	typically	Rf	 is	similar	to	
intermediate).	The	reaction	mixture	was	diluted	with	DCM	(10	ml),	filtered	through	a	filter	
paper,	 washed	with	 DCM	 (10	ml)	 and	 dried	 over	 sodium	 sulfate.	 The	 drying	 agent	 was	
filtered	off	and	solvent	removed	under	reduced	pressure	at	20-22	oC.	The	crude	solids	were	
dissolved	in	a	minimal	amount	of	DCM	and	filtered	through	a	filter	paper.	The	compounds	
were	purified	via	precipitation	from	addition	of	hexanes	(20	ml).	The	flasks	were	left	at	-20	
for	 1	 hour.	 The	 pure	 ylides	were	 obtained	 via	 decanting	 the	 solvents	 and	 solids	washed	
with	hexanes.	

4.2	Typical	procedure	B	(ylide	synthesis)	
To	λ3-iodane	diacetate	(1	mmol)	in	DCM	(5	ml)	at	10-15	oC	was	added	in	one	portion	KOH	
(10	mmol,	 560	mg)	 and	 2,2-dimethyl-1,3-dioxane-4,6-dione	 (1.3	mmol,	 187	mg)	 and	 the	
reaction	mixture	kept	for	10	min	–	60	minutes	until	complete	conversion	of	 intermediate	
was	observed	via	TLC	analysis	(8%	MeOH	in	DCM)	(new	in	UV	light	visible	bands	that	upon	
iodine	 staining	 stain	 in	 cream	 white,	 typically	 Rf	 is	 very	 similar	 to	 intermediate).	 The	
reaction	mixture	was	 diluted	with	 DCM	 (10	ml),	 filtered	 through	 cotton	 and	 glass	wool,	
washed	with	DCM	(10	ml)	and	dried	over	sodium	sulfate.	The	drying	agent	was	filtered	off	
and	the	solvent	removed	in	an	aluminium	foil	wrapped	round	bottom	flask	under	reduced	
pressure	at	22	oC.	The	crude	solids	were	purified	via	precipitation	from	dissolving	in	DCM	
(10	ml)	and	adding	hexanes	(20	ml).	The	flasks	were	left	at	-20	for	1	hour.	The	pure	ylides	
were	obtained	via	decanting	the	solvents	and	washed	with	hexanes.	

4.3	Removal	of	iodine	
We	observed	a	brownish	discolouration	of	the	reaction	mixture	in	several	experiments.	A	
mildly	redish	colour	evident	in	labeling	precursors	coincided	with	lower	labeling	yield.	We	
surmised	iodine	formation	as	the	origin	of	the	colour	and	decided	to	investigate	reduction	
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of	the	iodine	by	a	sulfite	wash.	Indeed,	labeling	yields	improved	drastically	when	adding	an	
aqueous	workup	with	dilute	sulfite	solution.	

4.4	Radiolabelling		
Aqueous	 target	mixtures	containing	 18F-	 (50-300	MBq)	was	 loaded	onto	a	QMA	cartridge	
and	subsequently	eluted	with	K222	(40	mg,	106	µmol)	and	K2CO3	(7.36	mg,	44.4	µmol)	in	
30/70	water/acetonitrile	(1	ml)	into	a	V-vial.	The	vial	was	heated	at	85oC	under	a	stream	of	
nitrogen.	 After	 evaporation	 of	 bulk	 solvents,	 AcN	 (1	 ml)	 was	 added.	 The	 process	 was	
repeated	2	consecutive	times.	The	vials	content	was	equally	distributed	into	4	V-vials	from	
DMF	(1000	µl).		

To	each	V-vial	was	added	iodonium	ylide	(10	µmol)	and	additive	from	DMF	(0.75	ml).	The	
capped	V-vial	was	either	bubbled	with	nitrogen	for	1	minute	or	directly	heated	in	a	heating	
block	 at	 130	 oC	 for	 20	 minutes.	 The	 reaction	 mixture	 was	 allowed	 to	 cool	 to	 room	
temperature	and	a	sample	was	taken	for	TLC	and/or	HPLC	analysis.		

5. Analytical data and procedures 

	

Synthesised	according	to	typical	procedure	A.	4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-
5-ylidene)-l3-iodaneyl)-N,N-dimethylbenzamide.	 Reaction	 performed	 on	 0.5	 mmol	
scale	yielding	target	compound	in	14%	yield	(60	mg,	0.14	mmol)	as	white	solids.1H	NMR	
(400	MHz,	DMSO-d6)	δ	7.86	–	7.80	(m,	1H),	7.51	–	7.44	(m,	1H),	2.98	(s,	2H),	2.86	(s,	2H),	
1.58	(s,	3H).	 13C	NMR	(101	MHz,	DMSO)	δ	168.7,	162.9,	138.7,	132.3,	129.3,	116.7,	102.8,	
57.8,	 38.9,	 34.7,	 25.6.	 HR-ESIMS:	 m/z	 439.9966	 [M+Na]+	 (C15H16INNaO5+,	 calculated	
439.9965)		
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Synthesised	 according	 to	 typical	 procedure	 A.	 5-([1,1'-biphenyl]-4-yl-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione.	 Reaction	 performed	 on	 1	 mmol	
scale	 yielding	 target	 compound	 in	 49%	 yield	 (206	 mg,	 0.49	 mmol)	 as	 beige	 solids.	
Analytical	data	was	in	accordance	to	that	previously	reportedii.	1H	NMR	(400	MHz,	DMSO-
d6)	δ	7.89	–	7.83	(m,	2H),	7.78	–	7.72	(m,	2H),	7.71	–	7.65	(m,	2H),	7.49	(dd,	J	=	8.3,	6.7	Hz,	
2H),	 7.45	 –	7.38	 (m,	 1H),	 1.58	 (s,	 6H).	 13C	NMR	 (101	MHz,	DMSO)	δ	162.9,	 142.5,	 138.5,	
133.1,	 129.1,	 129.1,	 128.3,	 126.9,	 115.0,	 102.7,	 57.9,	 25.6.	 HR-ESIMS:	 m/z	 444.9907	
[M+Na]+	(C18H15INaO4+,	calculated	444.9907)		

		

Synthesised	 according	 to	 typical	 procedure	 A.	 5-((4-(benzyloxy)phenyl)-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione.	 Reaction	 performed	 on	 1	 mmol	
scale	 yielding	 target	 compound	 in	 43%	 yield	 (196	 mg,	 0.43	 mmol)	 as	 white	 solids.	
Analytical	data	was	in	accordance	to	that	previously	reported.iii	1H	NMR	(400	MHz,	DMSO-
d6)	δ	7.76	–	7.65	(m,	2H),	7.50	–	7.27	(m,	5H),	7.14	–	7.05	(m,	2H),	5.14	(s,	2H),	1.54	(s,	6H).	
13C	NMR	(101	MHz,	DMSO)	δ	162.8,	160.1,	136.3,	134.6,	128.5,	128.0,	127.8,	117.4,	106.0,	
102.6,	 69.5,	 58.5,	 25.6.	 HR-ESIMS:	 m/z	 475.0012	 [M+Na]+	 (C19H17INaO5+,	 calculated	
475.0012)		

	

Synthesised	 according	 to	 typical	 procedure	 A.	 5-((4-methoxyphenyl)-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione.	 Reaction	 performed	 on	 1	 mmol	
scale	 yielding	 target	 compound	 in	 54%	 yield	 (203	 mg,	 0.54	 mmol)	 as	 white	 solids.	
Analytical	data	was	in	accordance	to	that	previously	reportediv.	1H	NMR	(400	MHz,	DMSO-
d6)	δ	7.74	–	7.68	(m,	2H),	7.04	–	6.98	(m,	2H),	3.78	(s,	3H),	1.54	(s,	6H).	13C	NMR	(101	MHz,	
DMSO)	δ	162.8,	161.1,	134.7,	116.6,	105.8,	102.6,	58.5,	55.5,	25.6.	HR-ESIMS:	m/z	398.9700	
[M+Na]+	(C13H13INaO5+,	calculated	398.9700)		
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Synthesised	according	to	typical	procedure	A.	5-((4-(benzyloxy)-2-fluorophenyl)-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione.	 Reaction	 performed	 on	 1	 mmol	
scale	yielding	target	compound	in	41%	yield	(192	mg,	0.41	mmol)	as	beige	solids.	1H	NMR	
(400	MHz,	DMSO-d6)	δ	7.81	(dd,	J	=	8.8,	7.0	Hz,	1H),	7.59	–	7.30	(m,	5H),	7.15	(dd,	J	=	10.4,	
2.7	Hz,	 1H),	 6.94	 (dd,	 J	 =	 8.9,	 2.7	Hz,	 1H),	 5.17	 (s,	 2H),	 1.50	 (s,	 6H).	 19F	NMR	 (377	MHz,	
DMSO)	δ	-96.5.	13C	NMR	(101	MHz,	DMSO)	δ	162.6,	162.4	(d,	3JCF	=	11	Hz),	160.5	(d,	1JCF	=	
248	Hz),	136.9	(d,	4JCF	=	4	Hz),	135.9,	128.5,	128.2,	127.9,	113.8	(d,	3JCF	=	3	Hz),	103.0	(d,	2JCF	
=	26	Hz),102.5,	93.8	(d,	2JCF	=	26	Hz),	70.1,	59.3,	25.5.	HR-ESIMS:	m/z	492.9919	[M+Na]+	
(C19H16FINaO5+,	calculated	492.9919)		

	

Synthesised	 according	 to	 typical	 procedure	 B.	 2,2-dimethyl-5-(phenyl-l3-
iodaneylidene)-1,3-dioxane-4,6-dione.	 Reaction	 performed	 on	 1	 mmol	 scale	 yielding	
target	 compound	 in	 60%	 yield	 (206	mg,	 0.6	mmol)	 as	 white	 solids.	 1H	 NMR	 (400	MHz,	
DMSO-d6)	δ	7.83	–	7.75	(m,	2H),	7.60	–	7.51	(m,	1H),	7.46	(dd,	J	=	8.4,	7.0	Hz,	2H),	1.56	(s,	
6H).	 13C	 NMR	 (101	 MHz,	 DMSO)	 δ	 162.8,	 132.5,	 131.0,	 130.6,	 116.3,	 102.7,	 57.8,	 25.6.	
Analytical	data	was	 in	accordance	 to	 that	previously	reportedv.	HR-ESIMS:	m/z	368.9595	
[M+Na]+	(C12H11INaO4+,	calculated	368.9594)		
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Synthesised	according	to	typical	procedure	A.	4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-
5-ylidene)-l3-iodaneyl)benzonitrile.	Reaction	performed	on	1	mmol	scale	yielding	target	
compound	in	21%	yield	(77	mg,	0.21	mmol)	as	white	solids.	1H	NMR	(400	MHz,	DMSO-d6)	δ	
7.91	–	7.82	(m,	4H),	1.51	(s,	6H).	13C	NMR	(101	MHz,	DMSO)	δ	162.9,	134.3,	132.9,	121.3,	
117.7,	 113.4,	 103.0,	 58.2,	 25.6.	 HR-ESIMS:	 m/z	 393.9546	 [M+Na]+	 (C13H10INNaO4+,	
calculated	393.9547)		

	

Synthesised	 according	 to	 typical	 procedure	 A.	 N-(4-((2,2-dimethyl-4,6-dioxo-1,3-
dioxan-5-ylidene)-l3-iodaneyl)phenyl)-N-methylformamide.	Reaction	performed	on	1	
mmol	scale	yielding	target	compound	in	22%	yield	(89	mg,	0.22	mmol)	as	beige-grey	solids.	
Recoding	 NMR	 spectra	 yielded	 a	 mixture	 of	 rotary	 isomers	 in	 1:8.	 1H	 NMR	 (400	 MHz,	
DMSO-d6)	δ	(8.65,	8.40)	(s,	1H),	(7.65	–	7.61,	7.85	–	7.75	(m,	2H)),	7.66	–	7.38	(m,	2H),	(3.32,	
3.21	(s,	3H)),	1.56	(s,	6H).	13C	NMR	(101	MHz,	DMSO)	δ	162.9,	162.1,	144.1,	133.8,	122.9,	
111.4,	102.7,	58.3,	30.5,	25.6.	HR-ESIMS:	m/z	425.9810	[M+Na]+	(C14H14INNaO5+,	calculated	
425.9809)		

	

Synthesised	according	to	typical	procedure	A	5-((4-chlorophenyl)-l3-iodaneylidene)-
2,2-dimethyl-1,3-dioxane-4,6-dione.	Reaction	performed	on	2	mmol	scale	yielding	target	
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compound	in	25%	yield	(194	mg,	0.50	mmol)	as	white	solids.	1H	NMR	(400	MHz,	DMSO-d6)	
δ	7.82	–	7.76	(m,	2H),	7.58	–	7.52	(m,	2H),	1.57	(s,	6H).	13C	NMR	(101	MHz,	DMSO)	δ	162.8,	
135.8,	 134.2,	 130.9,	 114.2,	 102.8,	 58.3,	 25.6.	 HR-ESIMS:	 m/z	 402.9205[M+Na]+	
(C12H10ClINaO4+,	calculated	402.9204)		
	
	

	

Synthesised	 according	 to	 typical	 procedure	 A	 5-((3,5-dimethylphenyl)-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione.	 Reaction	 performed	 on	 2	 mmol	
scale	yielding	target	compound	in	41%	yield	(310	mg,	0.83	mmol)	as	white	solids.	1H	NMR	
(400	MHz,	DMSO-d6)	δ	7.44	–	7.39	(m,	2H),	7.19	(dt,	J	=	1.7,	0.9	Hz,	1H),	2.29	(s,	6H),	1.56	(s,	
6H).	13C	NMR	(101	MHz,	DMSO)	δ	162.8,	140.4,	132.2,	129.9,	116.3,	102.6,	57.7,	25.6,	20.7.	
HR-ESIMS:	m/z	396.9907[M+Na]+	(C14H15INaO4+,	calculated	396.9907)		
	

	

Synthesised	 according	 to	 typical	 procedure	 A	 5-((2,6-dimethylphenyl)-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione.	 Reaction	 performed	 on	 1.4	mmol	
scale	yielding	target	compound	in	34%	yield	(180	mg,	0.48	mmol)	as	white	solids.	1H	NMR	
(400	MHz,	DMSO-d6)	δ	7.35	(dd,	 J	=	8.0,	6.8	Hz,	1H),	7.24	(d,	 J	=	7.4	Hz,	2H),	2.68	(s,	6H),	
1.46	 (s,	 6H).	13C	NMR	 (101	MHz,	 DMSO)	 δ	 162.6,	 141.5,	 131.4,	 127.9,	 126.6,	 102.4,	 56.7,	
26.5,	25.5.	HR-ESIMS:	m/z	396.9908[M+Na]+	(C14H15INaO4+,	calculated	396.9907)		

	
Synthesised	according	to	typical	procedure	A.	5-((2-methoxyphenyl)-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione.	Reaction	performed	on	2	mmol	
scale	yielding	target	compound	in	50%	yield	(379	mg,	1.01	mmol)	as	white	solids.	1H	NMR	
(400	MHz,	Chloroform-d)	δ	7.47	(ddd,	J	=	8.4,	7.4,	1.5	Hz,	1H),	7.35	(dd,	J	=	8.1,	1.5	Hz,	1H),	
7.09	(ddd,	J	=	8.4,	7.4,	1.3	Hz,	1H),	6.97	(dd,	J	=	8.2,	1.2	Hz,	1H),	3.97	(s,	3H),	1.79	(s,	6H).	13C	
NMR	(101	MHz,	CDCl3)	δ	163.75,	155.29,	132.85,	128.82,	124.62,	112.48,	104.82,	101.81,	
57.12,	47.56,	26.16.	HR-ESIMS:	m/z	398.9700	[M+Na]+	(C13H13INaO5+,	calculated	398.9700)		
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N-(3-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenyl)acetamide.	
Synthesised	via	(3-acetamidophenyl)-l3-iodanediyl	diacetate	and	ylide	formation	step	
was	performed	in	accordance	to	ii.	The	target	compound	was	obtained	as	white	solids	in	5%	
(23	mg	0.06	mmol). 1H NMR (400 MHz, DMSO-d6) δ 10.24 (s, 1H), 8.11 (t, J = 1.9 Hz, 1H), 7.71 – 7.64 (m, 
1H), 7.47 – 7.42 (m, 1H), 7.35 (t, J = 8.0 Hz, 1H), 2.05 (s, 3H), 1.56 (s, 6H). 	13C NMR (151 MHz, DMSO) δ 168.7, 
162.8, 140.9, 131.0, 127.0, 122.4, 120.8, 116.3, 102.7, 57.9, 25.6, 24.0. HR-ESIMS:	m/z	425.9810	[M+Na]+	
(C14H14INNaO5+,	calculated	425.9809)		
	 	

	

Synthesised	according	 to	 typical	procedure	A	tert-butyl	5-((2,2-dimethyl-4,6-dioxo-
1,3-dioxan-5-ylidene)-l3-iodaneyl)-1H-indole-1-carboxylate.	Reaction	performed	on	2	
mmol	scale	yielding	target	compound	in	18%	yield	(170	mg,	0.35	mmol)	as	white	solids.	1H	
NMR	(400	MHz,	DMSO-d6)	δ	8.17	–	8.04	(m,	1H),	7.84	–	7.69	(m,	1H),	1.63	(s,	4H),	1.54	(s,	
3H).	 13C	NMR	 (101	MHz,	DMSO)	 δ	 162.8,	 148.6,	 135.2,	 131.9,	 128.2,	 128.0,	 126.3,	 117.0,	
109.7,	 107.1,	 102.6,	 84.7,	 58.6,	 27.6,	 25.6.	 HR-ESIMS:	 m/z	 508.0228[M+Na]+	
(C19H10INNaO6+,	calculated	508.0228)		
	

	

Synthesised	 according	 to	 typical	 procedure	 A	 5-((4-(azidomethyl)phenyl)-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	 Reaction	 performed	 on	 2	 mmol	
scale	yielding	target	compound	in	34%	yield	(270	mg,	0.67	mmol)	as	pale	yellow	solids.	1H	
NMR	(400	MHz,	DMSO-d6)	δ	7.85	–	7.78	(m,	2H),	7.48	–	7.40	(m,	2H),	4.52	(s,	2H),	1.56	(s,	
6H).	13C	NMR	(101	MHz,	DMSO)	δ	162.8,	138.6,	132.9,	130.7,	115.7,	102.7,	58.1,	52.7,	25.6.	
HR-ESIMS:	m/z	423.9765[M+Na]+	(C13H12IN3NaO4+,	calculated	423.9765)		
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5-((4-iodophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	 dione		
Reaction	performed	on	4	mmol	scale	yielding	target	compound	in	28%	yield	(523	mg,	1.1	
mmol)	 as	white	 solids.	Analytical	data	was	 in	accordance	 to	 that	previously	 reported.	 1H	
NMR	(400	MHz,	DMSO-d6)	δ	7.86	–	7.79	(m,	2H),	7.58	–	7.50	(m,	2H),	1.56	(s,	6H).	13C	NMR	
(101	 MHz,	 DMSO)	 δ	 162.8,	 139.6,	 134.3,	 115.8,	 102.8,	 98.1,	 58.1,	 25.6.	 HR-ESIMS:	m/z	
494.8561	[M+Na]+	(C12H10I2NaO4+,	calculated	494.8561)		
	

	

	
4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenyl	 4-
methylbenzenesulfonate.	Sodium	hydroxide	(264	mg,	6.6	mmol)	was	dissolved	in	acetic	
acid	 (5	ml)	 and	 acetic	 anhydride	 (1	ml).	 sodium	 periodate	 (674	mg,	 3.2	mmol)	 	 and	 4-
iodophenyl	 4-methylbenzenesulfonate	 (1120	 mg,	 3	 mmol)	 was	 added.	 The	 reaction	
mixture	was	 heated	 to	 115	 degrees	 for	 3	 hours.	 The	 reaction	mixture	was	 diluted	with	
water	and	extracted	with	DCM.	The	 combined	organic	phases	were	washed	with	 sodium	
hydrogen	carbonate	and	dried	over	sodium	sulfate.	Diethyl	ether	 (50	ml)	was	added	and	
the	mixture	sonicated.	The	solids	were	filtered	off	and	rinsed	with	diethyl	ether	(15	ml	*	2).	
The	obtained	white	solids	were	used	in	the	next	step	without	further	purification.	
To	above	was	0.5	mmol	used	for	ylide	formation	via	general	procedure	B	on	0.5	mmol	scale	
yielding	target	compound	in	45%	(116	mg,	0.23	mmol)	as	white	solids.	1H	NMR	(400	MHz,	
DMSO-d6)	δ	7.82	–	7.71	(m,	4H),	7.48	(d,	J	=	8.1	Hz,	2H),	7.18	–	7.10	(m,	2H),	2.42	(s,	3H),	
1.55	(s,	6H).	13C	NMR	(101	MHz,	DMSO)	δ	162.8,	150.4,	146.1,	134.3,	131.0,	130.4,	128.2,	
124.7,	 114.1,	 102.8,	 58.3,	 25.5,	 21.2.	 HR-ESIMS:	 m/z	538.9632	 [M+Na]+	 (C19H17INaO7S+,	
calculated	538.9632)		

	
1-(4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)benzyl)-1H-
benzo[d]imidazol-3-ium.	Synthesised	according	to	 typical	procedure	B	at	0.46	mmol	
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scale	yielding	the	target	compound	as	beige	solids	in	16%	yield	over	2	steps	(35	mg,	0.73	
mmol)	as	beige	solids.	1H	NMR	(400	MHz,	DMSO-d6)	δ	8.41	(s,	1H),	7.78	–	7.71	(m,	2H),	7.70	
–	7.63	(m,	1H),	7.47	–	7,43	(m,	1H),	7.36	–	7.28	(m,	2H),	7.21	–	7,17	(m,	2H),	5.56	(s,	2H),	
1.54	(s,	6H).	 13C	NMR	(101	MHz,	DMSO)	δ	162.8,	144.2,	143.4,	139.8,	137.4,	132.9,	129.7,	
122.5,	121.7,	119.5,	115.2,	110.6,	102.7,	57.9,	47.0,	25.6.	HR-ESIMS:	m/z	477.0306	[M+H]+	
(C20H18IN2O4+,	calculated	477.0306)	

	

tert-butyl	(3-(4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenoxy)	
-3-phenylpropyl)methylcarbamate.	 Reaction	 performed	 on	 1.48	 mmol	 scale	 yielding	
target	 compound	 in	45%	yield	 (408	mg,	0.67	mmol)	 as	brown	 solids.1H	NMR	 (400	MHz,	
DMSO-d6)	δ	7.64	–	7.56	(m,	2H),	7.40	–	7.30	(m,	4H),	7.28	–	7.22	(m,	1H),	6.99	–	6.90	(m,	
2H),	5.34	(dt,	J	=	5.0,	2.6	Hz,	1H),	3.25	(broad	s,	1H),	2.76	(s,	3H),	2.09	(dq,	J	=	13.9,	7.2	Hz,	
1H),	 1.98	 (s,	 1H),	 1.52	 (s,	 6H),	 1.38	 –	 1.17	 (m,	 9H).	 13C	NMR	 (101	MHz,	DMSO)	 δ	 162.7,	
159.3,	154.7,	140.5,	134.5,	128.6,	127.7,	126.0,	118.2,	105.8,	102.5,	78.4,	58.4,	54.9,	44.9,	
38.9,	36.0,	33.7,	27.9,	25.5.	HR-ESIMS:	m/z	632.1115	[M+Na]+	(C27H31IN2NaO7+,	calculated	
632.1116).	

	

8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-
ylidene)-l3-iodaneyl)benzoate.	 To	 8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-
iodobenzoate	 (165	mg,	 0.44	mmol)	 in	 CHCl3	 (1.5	ml)	 was	 added	 TFA	 (4	ml)	 and	 oxone	
monopersulphate	 (220	 mg,	 0.70	 mmol)	 and	 left	 at	 room	 temperature	 for	 3	 hours.	 The	
solvent	was	removed	over	a	stream	of	nitrogen	and	the	residues	dissolved	in	EtOH	(5	ml)	
and	 pH	 adjusted	 to	 ~10	 via	 addition	 of	 10%	w/v	 Na2CO3.	 2,2-dimethyl-1,3-dioxane-4,6-
dione	(95mg,	0.66	mmol)	was	added	from	10%	w/v	Na2CO3	(2	ml)	and	the	reaction	was	left	
at	room	temperature	for	50	minutes.	The	reaction	mixture	was	poured	into	DCM	(25	ml)	
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and	extracted	with	2x25	ml	DCM.	The	combined	organic	phases	were	washed	with	0.5M	
Na2S2O3	 and	 dried	 over	 sodium	 sulphate.	 The	 solvents	 were	 removed	 under	 reduced	
pressure	and	the	crude	dissolved	in	DCM	and	hexanes	was	added	to	induce	precipitation.	
The	 cloudy	 suspension	was	 subjected	 to	 freezer	 and	 the	 target	 compound	 (95	mg,	 0.19	
mmol)	was	afforded	as	white	solids	in	42%	via	filtration	and	washed	with	hexanes.	1H	NMR	
(400	MHz,	DMSO-d6)	δ	7.99	–	7.94	(m,	4H),	5.12	(t,	J	=	5.2	Hz,	1H),	3.08	(broad	s,	2H),	2.20	
(s,	3H),	2.15	–	2.05	(m,	2H),	2.05	–	1.88	(m,	4H),	1.71	(d,	J	=	14.8	Hz,	2H),	1.58	(s,	6H).	13C	
NMR	(101	MHz,	DMSO)	δ	164.1,	162.8,	132.8,	132.2,	131.1,	121.3,	102.8,	68.6,	59.0,	58.0,	
39.7,	35.7,	25.6,	25.6.	HR-ESIMS:	m/z	514.0721	[M+H]+	(C21H25INO6+,	calculated	514.0721).	

	

(4-((1H-benzo[d]imidazol-1-yl)methyl)phenyl)-l3-iodanediyl	 diacetate	 was	
(synthesised	in	accordance	tovi	affording	the	target	compound	in	77%	(210	mg,	0.46	mmol)	
as	white	solids	used	for	the	next	step	without	 further	purification.	Analytical	data	was	 in	
accordance	to	that	previously	reportedvii	

	

tert-butyl	 (4-(benzyloxy)-2-fluorophenyl)carbamate.	 To	 4-amino-3-fluorophenol	
(5.59g,	44	mmol)	 in	THF	(40	ml)	on	 ice	was	added	di-tert-butyl	dicarbonate	(48.4	mmol,	
10.6g)	 from	THF	(20	ml).	The	reaction	mixture	was	stirred	overnight.	The	solvents	were	
removed	under	reduced	pressure.	The	crude	was	dissolved	in	DCM	and	washed	with	water	
and	aqueous	sat.	NaHCO3.	The	organic	phase	was	dried	over	sodium	sulfate	and	evaporated	
to	 dryness	 under	 reduced	 pressure.	 The	 black	 crude	was	 used	 in	 the	 next	 step	without	
further	purification.		
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To	the	crude	in	DMF	(30	ml)	was	added	K2CO3	(9.12	g,	66	mmol)	and	benzyl	bromide	(5.23	
ml,	50.8	mmol)	and	left	over	night.	The	crude	was	dissolved	in	DCM	and	washed	with	water.	
The	organic	phase	was	dried	over	sodium	sulfate	and	evaporated	to	dryness	under	reduced	
pressure.	The	black	crude	was	recrystallized	from	EtOH	yielding	the	target	compound	(6.99	
g,	 22.0	mmol)	 as	brown	solids	 in	50%	over	2	 steps.	 1H	NMR	 (400	MHz,	Chloroform-d)	δ	
7.88	(s,	1H),	7.45	–	7.30	(m,	5H),	6.77	–	6.69	(m,	2H),	6.46	(s,	1H),	5.02	(s,	2H),	1.52	(s,	9H).	
19F	NMR	(377	MHz,	CDCl3)	δ	 -129.2.	 13C	NMR	(101	MHz,	CDCl3)	δ	155.0	(d,	 3JCF	=	11	Hz),	
153.2	(d,	1JCF	=	244	Hz),	152.9,	128.8,	128.2,	127.6,	121.8	(broad),	120.2	(d,	 2JCF	=	11	Hz),	
110.6	 (d,	 4JCF	 =	 3	Hz),	 102.9	 (d,	 2JCF	 =	 23	Hz),	 80.9,	 70.7,	 28.5.	 HR-ESIMS:	m/z	340.1319	
[M+Na]+	(C18H20FNNaO3+,	calculated	340.1319)	

		

4-(benzyloxy)-2-fluoroaniline.	 To	 tert-butyl	 (4-(benzyloxy)-2-fluorophenyl)carbamate	
(6.41	g,	20.2	mmol)	in	DCM	(45	ml)	on	ice	was	added	dropwise	trifluoroacetic	acid	(10	ml,	
0.13	mol)	and	left	for	4	hours.	The	crude	was	diluted	with	DCM	and	washed	with	aqueous	
sat.	 K2CO3.	 The	 organic	 phase	was	 dried	 over	 sodium	 sulfate	 and	 evaporated	 to	 dryness	
under	reduced	pressure	yielding	the	target	compound	(4.3	g,	19.8	mmol)	 in	98%	as	dark	
brown	solids.	1H	NMR	(400	MHz,	Chloroform-d)	δ	7.45	–	7.29	(m,	5H),	6.78	–	6.66	(m,	2H),	
6.61	(dd,	J	=	8.7,	2.9	Hz,	1H),	4.98	(d,	J	=	3.4	Hz,	2H),	3.41	(s,	2H).	13C	NMR	(101	MHz,	CDCl3)	
δ	152.07	(d,	1JCF	=	239	Hz),	152.05	(d,	3JCF	=	9	Hz),	137.1,	128.7,	128.2	(d,	2JCF	=	13	Hz),	128.1,	
127.6,	117.7	(d,	3JCF	=	5	Hz),	111.1	(d,	4JCF	=	3	Hz),	104.0	(d,	2JCF	=	22	Hz),	71.0	19F	NMR	(376	
MHz,	 Chloroform-d)	 δ	 -131.81	 (dd,	 J	 =	 12.4,	 10.1	 Hz).	 HR-ESIMS:	m/z	218.0976	 [M+H]+	
(C13H13FNO+,	calculated	218.0976)		
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4-(benzyloxy)-2-fluoro-1-iodobenzene	 To	 4-(benzyloxy)-2-fluoroaniline	 (2.41	 g,	 11.1	
mmol)	in	AcN	(45	ml)	on	ice	was	added	dropwise	a	solution	of	KI	(4.6	g,	27.7	mmol)	and	
NaNO2	 (1.53	 g,	 22.2	mmol)	 in	water	 (8	ml).	 After	 effervescence	 had	 ceased	 the	 reaction	
mixture	 was	 allowed	 to	 reach	 room	 temperature	 and	 stirred	 for	 1	 hour.	 The	 reaction	
mixture	 was	 diluted	 with	 DCM	 and	 washed	 with	 water,	 1M	 sodium	 thiosulfate	 and	
saturated	 NaHCO3.	 The	 organic	 phase	was	 dried	 over	 sodium	 sulfate	 and	 evaporated	 to	
dryness	under	reduced	pressure.	The	crude	was	purified	via	flash	column	chromatography	
(0-20%	DCM	in	hexanes)	yielding	the	target	compound	(1.45	g,	4.43	mmol)	in	40%	as	pale	
yellow	oil.	1H	NMR	(400	MHz,	Chloroform-d)	δ	7.58	(dd,	J	=	8.7,	7.4	Hz,	1H),	7.45	–	7.33	(m,	
4H),	6.74	(dd,	J	=	9.8,	2.8	Hz,	1H),	6.60	(ddd,	J	=	8.8,	2.8,	0.8	Hz,	1H),	5.04	(s,	2H).	19F	NMR	
(377	MHz,	Chloroform-d)	δ	-92.05	(dd,	J	=	9.8,	7.3	Hz)	13C	NMR	(101	MHz,	CDCl3)	δ	162.4	(d,	
1JCF	=	245	Hz),	160.6	(d,	3JCF	=	10	Hz),	139.2	(d,	3JCF	=	3	Hz),	136.1,	128.9,	128.4,	127.6,	113.2	
(d,	 4JCF	 =	 3	Hz),	 103.4	 (d,	 2JCF	 =	 27	Hz),	 70.61,	 69.9	 (d,	 2JCF	 =	 26	Hz)	 19F	NMR	 (376	MHz,	
Chloroform-d)	 δ	 -131.81	 (dd,	 J	 =	 12.4,	 10.1	 Hz).	 HR-ESIMS:	 m/z	 350.9653	 [M+Na]+	
(C13H10FINaO+,	calculated	350.9653)		

		

4-iodo-N-methylbenzamide.	 To	 4-iodobenzoyl	 chloride	 (1	 g,	 3.75	 mmol)	 in	 Et2O	 was	
added	 methylamine	 hydrochloride	 (506	 mg,	 7.5	 mmol)	 and	 triethylamine	 (1050	 µl,	 7.5	
mmol).	The	reaction	was	 left	over	night.	The	reaction	mixture	was	diluted	with	Et2O	and	
washed	 with	 water.	 The	 organic	 phase	 was	 dried	 over	 sodium	 sulfate	 and	 solvents	
removed	 under	 reduced	 pressure.	 The	 crude	was	 recrystallized	 from	EtOAc	 yielding	 the	
target	 compound	 (793	 mg,	 3.04	 mmol)	 in	 81%	 as	 white	 solids.	 Analytical	 data	 was	 in	
accordance	to	that	previously	reported.viii	

	

4-iodo-N,N-dimethylbenzamide.	To	4-iodo-N-methylbenzamide	(783	mg,	3mmol)	in	THF	
(10	ml)	on	ice	was	added	60%	NaH	in	mineral	oil	(180	mg,	7.5	mmol)	and	left	to	stir	for	30	
minutes.	Methyliodide	(280	µl,	4.5	mmol)	was	added	and	the	reaction	mixture	was	allowed	
to	reach	room	temperature	and	kept	for	3	hours.	The	reaction	mixture	was	evaporated	to	
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dryness	under	reduced	pressure.	The	crude	was	dissolved	in	Et2O	and	washed	with	water	
and	 aqueous	 sat.	NaHCO3.	 The	 organic	 phase	was	 dried	 over	 sodium	 sulfate	 and	 solvent	
removed	 under	 reduced	 pressure.	 The	 crude	 was	 purified	 via	 flash	 column	
chromatography	(4%	MeOH	in	DCM)	affording	the	target	compound	(604	mg,	2.20	mmol)	
in	73%	as	white	solids.	Analytical	data	was	in	accordance	to	that	previously	reported.ix	

	

N-(4-iodophenyl)-N-methylformamide.	Formic	acid	(1.30	ml,	34.3	mmol)	was	added	to	
acetic	 anhydride	 (2.66	ml,	 27.4	mmol)	 and	 heated	 at	 65	 oC	 for	 30	minutes.	 The	 formed	
acetic	formic	anhydride	solution	was	added	drop	wise	to	4-iodoaniline	(3	g,	13.7	mmol)	in	
THF	 (5	 ml)	 on	 ice.	 The	 reaction	 mixture	 was	 kept	 for	 15	 minutes	 and	 subsequently	
evaporated	 to	 dryness	 under	 reduced	 pressure.	 The	 crude	 was	 dissolved	 in	 EtOAc	 and	
washed	with	 aqueous	 sat.	 NaHCO3.	 The	 organic	 phase	was	 evaporated	 to	 dryness	 under	
reduced	 pressure	 and	 the	 obtained	 beige	 solids	 (3.26	 g)	 were	 used	 without	 further	
purification	in	the	next	step.	

The	crude	was	dissolved	in	THF	(50	ml)	and	on	ice	was	60%	NaH	in	mineral	oil	(822	mg,	
20.6	mmol)	added.	The	reaction	was	left	to	stir	for	30	minutes	prior	to	drop	wise	addition	
of	MeI	(1.28	ml,	20.6	mmol).	The	reaction	mixture	was	allowed	to	reach	room	temperature	
and	 kept	 for	 6	 hours.	 The	 reaction	 mixture	 was	 evaporated	 to	 dryness	 under	 reduced	
pressure.	The	crude	was	dissolved	in	EtOAc	and	washed	with	water	and	brine.	The	organic	
phase	was	dried	over	sodium	sulfate	and	evaporates	 to	dryness	under	reduced	pressure.	
The	crude	was	purified	via	recrystallization	from	hexanes/chloroform	affording	the	target	
compound	 (1.53g,	5.86	mmol)	as	purple-beige	needles	 in	45%	over	two	steps.	Recording	
NMR	spectra	yielded	a	mixture	of	rotary	isomers	in	1:12.	1H	NMR	(400	MHz,	Chloroform-d)	
δ	((8.47,	8.37)	(s,	1H)),	(7.77	–	7.69	(m,	2H)),	(7.27	–	7.23,	6.98	–	6.90	(m,	2H),	(3.35,	3.30	(s,	
3H)).	13C	NMR	(101	MHz,	CDCl3)	δ	(162.1,	161.8),	142.0,	(138.7,	138.0),	(125.0,	123.9),	90.5,	
(36.4,	31.8).	HR-ESIMS:	m/z	283.9542	[M+Na]+	(C8H8INNaO+,	calculated	283.9543)		
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1-(4-iodobenzyl)-1H-benzo[d]imidazole.	To	benzimidazole	(708	mg,	6.0	mmol)	 in	THF	
(30	ml)	was	added	60%	NaH	 in	mineral	oil	 (360	mg,	9	mmol)	 and	4-iodobenzylbromide	
(1.78	 g,	 6.0	 mmol).	 The	 reaction	 mixture	 was	 heated	 to	 60	 oC	 overnight.	 The	 reaction	
mixture	was	evaporated	 to	dryness	under	 reduced	pressure.	The	 crude	was	dissolved	 in	
EtOAc	 and	 extracted	 with	 water	 and	 brine.	 The	 organic	 phase	 was	 dried	 over	 sodium	
sulfate	 and	 evaporated	 to	 dryness	 under	 reduced	 pressure.	 The	 crude	 was	 purified	 via	
recrystallization	 from	 EtOH	 affording	 the	 target	 compound	 (1.71	 g,	 5.1	 mmol)	 as	 white	
fluffy	solids	in	85%.	Analytical	data	was	in	accordance	to	that	previously	reported	x1H	NMR	
(400	MHz,	Chloroform-d)	δ	7.95	(s,	1H),	7.89	–	7.82	(m,	1H),	7.72	–	7.62	(m,	2H),	7.35	–	7.21	
(m,	3H),	6.97	–	6.88	(m,	2H),	5.31	(s,	2H).	13C	NMR	(101	MHz,	CDCl3)	δ	144.2,	143.2,	138.3,	
135.3,	133.9,	128.9,	123.4,	122.5,	120.7,	110.0,	93.9,	48.4.	HR-ESIMS:	m/z	335.0039	[M+H]+	
(C15H11IN2+,	calculated	335.0040)		

	

N-(4-fluorophenyl)-N-methylformamide.	 Formic	 acid	 (94	 µl,	 2.5	 mmol)	 was	 added	 to	
acetic	anhydride	(189	µl,	2.0	mmol)	and	heated	at	65	oC	for	30	minutes.	The	formed	acetic	
formic	 anhydride	 solution	was	 added	 drop	wise	 to4-fluoro-N-methylaniline	 (128µl,	 1.06	
mmol)	 in	 THF	 (1	 ml)	 on	 ice.	 The	 reaction	 mixture	 was	 kept	 for	 15	 minutes	 and	
subsequently	evaporated	to	dryness	under	reduced	pressure.	The	crude	was	dissolved	 in	
EtOAc	 and	 washed	 with	 NaHCO3.	 The	 organic	 phase	 was	 evaporated	 to	 dryness	 under	
reduced	 pressure.	 The	 crude	 was	 purified	 using	 flash	 column	 chromatography	 (0-2%	
MeOH	 in	 DCM)	 yielding	 the	 target	 compound	 (63	 mg,	 0.41	 mmol)	 as	 yellow	 oil	 that	
solidified	in	39%.	Analytical	data	was	in	accordance	to	that	previously	reported.xi	

	

1-(4-fluorobenzyl)-1H-benzo[d]imidazole.	To	benzimidazole	(354	mg,	3.0	mmol)	in	THF	
(15	ml)	was	added	60%	NaH	in	mineral	oil	(180	mg,	4.5	mmol)	and	4-fluorobenzylbromide	
(374	 µl,	 3.0	 mmol).	 The	 reaction	 mixture	 was	 heated	 to	 60	 oC	 overnight.	 The	 reaction	
mixture	was	evaporated	 to	dryness	under	 reduced	pressure.	The	 crude	was	dissolved	 in	
EtOAc	 and	 extracted	 with	 water	 and	 brine.	 The	 crude	 was	 purified	 via	 flash	 column	
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chromatography	(4%	MeOH	in	DCM)	affording	the	target	compound	(544	mg,	2.4	mmol)	as	
yellow	oil	in	80%.	Analytical	data	was	in	accordance	to	that	previously	reported	xii	

	

1-(azidomethyl)-4-iodobenzene.	To	1-(bromomethyl)-4-iodobenzene	(5	mmol,	1.49	g)	in	
DMF	 (7	ml)	was	 added	 sodium	azide	 (15	mmol,	 975	mg)	 and	 left	 to	 stir	 over	night.	 The	
reaction	mixture	was	diluted	with	EtOAc	and	washed	with	water.	The	organic	phase	was	
dried	over	sodium	sulphate	and	evaporated	to	dryness	under	reduced	pressure.	The	crude	
was	purified	via	flash	column	chromatography	(10%	EtOAc	in	hexanes)	affording	the	target	
compound	as	white	solids	in	97%	(1.25	g,	4.8	mmol).	1H	NMR	(400	MHz,	Chloroform-d)	δ	
7.33	–	7.27	(m,	2H),	7.11	–	7.04	(m,	2H),	4.32	(s,	2H).	13C	NMR	(101	MHz,	CDCl3)	δ	164.0,	
161.6,	 131.4,	 131.3,	 130.2,	 130.1,	 116.0,	 115.8,	 54.2.	 GC-MS	 m/z	 258.9	 [M]	 (C7H6IN3,	
calculated	259.0).	

	

1-(azidomethyl)-4-iodobenzene.	 To	 1-(bromomethyl)-4-fluorobenzene	 (0.2	 mmol,	 38	
mg)	in	DMF	(1	ml)	was	added	sodium	azide	(0.6	mmol,	65	mg)	and	left	to	stir	over	night.	
The	reaction	mixture	was	diluted	with	EtOAc	and	washed	with	water.	The	organic	phase	
was	dried	over	sodium	sulphate	and	evaporated	to	dryness	under	reduced	pressure.	The	
crude	was	purified	via	flash	column	chromatography	(10%	EtOAc	in	hexanes)	affording	the	
target	 compound	 in	 93%	 as	 colourless	 oil	 (28	 mg,	 0.19	 mmol).	 1H	 NMR	 (400	 MHz,	
Chloroform-d)	δ	7.33	–	7.27	(m,	2H),	7.11	–	7.04	(m,	2H),	4.32	(s,	2H).	13C	NMR	(101	MHz,	
CDCl3)	δ	161.5	(d,	1JCF	=	162	Hz),	131.3	(4JCF	=	3	Hz),	130.2	(3JCF	=	8	Hz),	116.0	(4JCF	=	22	Hz),	
54.21.	 19F	 NMR	 (377	 MHz,	 CDCl3)	 δ	 -113.6.	 GC-MS	 m/z	 151.0	 [M]	 (C7H6FN3,	 calculated	
151.1).	

		

tert-butyl	5-iodo-1H-indole-1-carboxylate	

To	 5-iodo-1H-indole	 (972	 mg,	 4.0	 mmol)	 in	 DCM	 (30	 ml)	 was	 added	 Di-tert-butyl	
dicarbonate	(1.05	g,	4.8	mmol)	and	N,N-dimethylpyridin-4-amine	(98	mg,	0.8	mmol).	The	
reaction	mixture	was	left	over	night.	The	solvents	were	removed	under	reduced	pressure	
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and	the	crude	purified	via	 flash	column	chromatography	(5%	EtOAc	 in	hexanes)	yielding	
the	 target	 compound	 as	 white	 solids	 in	 75%	 (1140	mg,	 3.3	 mmol).	 1H	 NMR	 (400	MHz,	
Chloroform-d)	δ	7.94	–	7.88	(m,	2H),	7.57	(dd,	J	=	8.7,	1.8	Hz,	1H),	7.55	(d,	J	=	3.7	Hz,	1H),	
6.49	(dd,	J	=	3.8,	0.8	Hz,	1H),	1.67	(s,	9H).	13C	NMR	(101	MHz,	CDCl3)	δ	149.6,	134.6,	133.0,	
132.8,	 129.9,	 126.8,	 117.2,	 106.4,	 86.8,	 84.3,	 28.3.	 HR-ESIMS:	 m/z	 365.9961	 [M+Na]+	
(C13H14INNaO2+,	calculated	365.9961)		

	

tert-butyl	5-fluoro-1H-indole-1-carboxylate.	To	5-fluoro-1H-indole	(68	mg,	0.5	mmol)	in	
THF	(5	ml)	was	added	Di-tert-butyl	dicarbonate	(131	mg,	0.6	mmol)	and	DMAP	(6	mg,	0.05	
mmol).	The	reaction	kept	overnight.	The	solvent	was	removed	under	reduced	pressure	and	
the	crude	purified	via	flash	column	chromatography	(5%	EtOAc	in	hexanes)	affording	the	
target	 compound	 as	 white	 solids	 (96	 mg,	 0.41	 mmol)	 in	 82%.	 1H	 NMR	 (400	 MHz,	
Chloroform-d)	δ	8.09	(s,	1H),	7.62	(d,	J	=	3.7	Hz,	1H),	7.21	(dd,	J	=	8.8,	2.6	Hz,	1H),	7.03	(td,	J	
=	9.1,	2.6	Hz,	1H),	6.52	(dd,	J	=	3.7,	0.7	Hz,	1H),	1.67	(s,	9H).	13C	NMR	(101	MHz,	CDCl3)	δ	
159.3	(	1JCF	=	239	Hz),	149.7,	131.7,	131.5	(	3JCF	=	10	Hz),	127.6,	116.2	(	3JCF	=	9	Hz),	112.1	
(	2JCF	=	25	Hz),	107.1	(	4JCF	=	4	Hz),	106.5	(	2JCF	=	24	Hz),	84.0,	28.3.	19F	NMR	(377	MHz,	CDCl3)	
δ	-121.3.	HR-ESIMS:	m/z	258.0900	[M+Na]+	(C13H14FNNaO2+,	calculated	258.0901).	

	

4-fluorophenyl	4-methylbenzenesulfonate.	To	4-fluorophenol	(2.24	g,	20mmol)	in	THF	
(50	ml)	 was	 added	 4-methylbenzenesulfonyl	 chloride	 (4.19	 g,	 22	mmol)	 and	 potassium	
hydroxide	 (225	mg,	 2.24	mmol).	 The	 reaction	 was	 heated	 at	 60	 degrees	 overnight.	 The	
reaction	mixture	was	diluted	with	ethyl	acetate	and	washed	with	water.	The	organic	phase	
was	dried	over	sodium	sulphate	and	evaporated	to	dryness	under	reduced	pressure.	The	
crude	was	 purified	 via	 recrystallization	 from	EtOH	 (15	ml)	 at	 -20	 oC	 afforded	 the	 target	
compound	as	white	needles	in	45%	(2.42	g,	9.1	mmol).	1H	NMR	(400	MHz,	Chloroform-d)	δ	
7.73	–	7.65	(m,	2H),	7.32	(d,	J	=	8.0	Hz,	2H),	7.00	–	6.91	(m,	4H),	2.45	(s,	3H).	13C	NMR	(101	
MHz,	 CDCl3)	 δ	 162.4,	 159.9,	 145.7,	 145.6,	 145.5,	 132.2,	 129.9,	 128.7,	 124.2,	 124.1,	 116.6,	
116.3,	21.9.	161.1	(	1JCF	=	247	Hz),	145.7,	145.5	(	4JCF	=	3	Hz),	132.2,	130.0,	128.7,	124.2	(	3JCF	
=	9	Hz),	116.5	(	2JCF	=	24	Hz),	21.9.	19F	NMR	(377	MHz,	Chloroform-d)	δ	-114.6	HR-ESIMS:	
m/z	289.0306	[M+Na]+	(C13H11FNaO3S+,	calculated	289.0305).	
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4-(benzyloxy)-1,2-difluorobenzene.	To	3,4-difluorophenol	(650	mg,	5	mmol)	 in	THF	(5	
ml)	was	added	potassium	carbonate	(690	mg,	5	mmol)	and	benzyl	bromide	(0.60	ml,	5.25	
mmol).	The	reaction	was	left	at	60	degrees	for	5	days.	Additional	benzyl	bromide	(0.60	ml,	
5.25	mmol)	was	 added	 and	 the	 reaction	 left	 for	 5	more	 days.	 The	 reaction	mixture	was	
diluted	with	diethyl	ether	and	washed	repeatedly	with	water.	The	organic	phase	was	dried	
over	sodium	sulphate	and	evaporated	to	dryness	under	reduced	pressure.	The	crude	was	
purified	via	 flash	column	chromatography	(0-15%	EtOAc	in	hexanes)	affording	the	target	
compound	as	white	solids	in	51%	(570	mg,	2.6	mmol).	1H	NMR	(400	MHz,	Chloroform-d)	δ	
7.44	–	7.31	(m,	5H),	7.06	(dt,	J	=	10.1,	9.1	Hz,	1H),	6.79	(ddd,	J	=	12.0,	6.5,	3.0	Hz,	1H),	6.67	
(dtd,	J	=	9.1,	3.2,	1.8	Hz,	1H),	5.02	(s,	2H).	19F	NMR	(377	MHz,	Chloroform-d)	δ	–135.5	(d,	J	=	
-22	Hz),		–148.1	(d,	J	=	-22	Hz).	13C	NMR	(101	MHz,	CDCl3)	δ	155.2	(3,	4JCF	=	9,	2	Hz),	150.6	(1,	
2JCF	=	248,	14	Hz),	145.3	(1,	2JCF	=	241,	13	Hz),	136.4,	128.8,	128.4,	127.6,	117.3	(2,	3JCF	=	19,	2	
Hz),	110.3	(3,	4JCF	=	6,	4	Hz),	104.7	(3JCF	=	20	Hz),	71.0.	

	

tert-butyl	 (3-hydroxy-3-phenylpropyl)(methyl)carbamate.	 To	 3-(methylamino)-1-
phenylpropan-1-ol	 (1.65	 g,	 10	 mmol)	 in	 DCM	 (25	 ml)	 on	 ice	 was	 added	 di-tert-butyl	
dicarbonate	(2.18	g,	10	mmol)	and	stirred	for	2	hours	at	room	temperature.	The	solvents	
were	removed	under	reduced	pressure	and	the	crude	dissolved	in	diethyl	ether	(200	ml)	
and	washed	with	0.5	M	aqueous	HCl	(50	ml)	and	brine.	The	organic	phase	was	dried	over	
sodium	sulphate	and	evaporated	to	dryness	under	reduced	pressure	affording	the	desired	
product	as	 colourless	oil	 in	93%	(2.48	g,	9.3	mmol).	 1H	NMR	(400	MHz,	Chloroform-d)	δ	
7.44	–	7.30	(m,	4H),	7.25	(t,	J	=	7.2	Hz,	1H),	4.60	(s,	1H),	3.92	(s,	1H),	3.04	(s,	1H),	2.87	(s,	
3H),	1.95	(dddd,	J	=	13.8,	9.9,	6.1,	3.5	Hz,	1H),	1.77	(s,	1H),	1.47	(s,	9H).	13C	NMR	(101	MHz,	
CDCl3)	δ	157.3,	144.3,	128.5,	127.3,	125.8,	80.2,	70.1,	45.4,	37.4,	34.4,	28.6.	HR-ESIMS:	m/z	
288.1570	[M+Na]+	(C15H23NNaO3+,	calculated	288.1570).		
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tert-butyl	 (3-(4-iodophenoxy)-3-phenylpropyl)(methyl)carbamate.	 To	
triphenylphosphane	 (1640	 mg,	 6.3	 mmol)	 in	 THF	 (20	 ml)	 on	 ice	 was	 dropwise	 added	
diisopropyl	 azodicarboxylate	 (1100	 µl,	 5.6	 mmol).	 After	 20	 minutes	 was	 added	 4-
iodophenol	 (1265	 mg,	 5.75	 mmol)	 from	 THF	 (10	 ml)	 and	 tert-butyl	 (3-hydroxy-3-
phenylpropyl)(methyl)carbamate	 (1110	 mg,	 4.2	 mmol)	 from	 THF	 (15	 ml).	 The	 reaction	
was	allowed	to	reach	room	temperature	and	left	over	night.	Solvents	were	removed	under	
reduced	pressure	and	the	crude	purified	using	flash	column	chromatography	(15%	EtOAc	
in	hexanes)	affording	the	product	as	colourless	oil	 in	75%	(1250	mg,	4.7	mmol).	 1H	NMR	
(400	MHz,	Chloroform-d)	δ	7.57	–	7.47	(m,	2H),	7.43	–	7.30	(m,	5H),	6.75	–	6.61	(m,	2H),	
5.14	(dd,	J	=	8.5,	4.2	Hz,	1H),	3.63	–	3.30	(m,	2H),	2.92	(s,	3H),	2.21	(br.	s,	1H),	2.13	(dtd,	J	=	
13.8,	7.7,	4.1	Hz,	1H),	1.47	(s,	9H(	1JCF	=	247	Hz),	158.0,	155.9,	141.2,	138.2,	128.9,	127.9,	
125.8,	 118.4,	 83.0,	 79.6,	 77.7,	 45.9,	 37.3,	 34.7,	 28.5.	 HR-ESIMS:	 m/z	 490.0850	 [M+Na]+	
(C21H26INNaO3+,	calculated	490.0850).		

	

tert-butyl	 (3-(4-fluorophenoxy)-3-phenylpropyl)(methyl)carbamate.	 To	
triphenylphosphane	 (354	 mg,	 1.35	 mmol)	 in	 THF	 (5	 ml)	 on	 ice	 was	 dropwise	 added	
diisopropyl	 azodicarboxylate	 (237	 µl,	 1.21	 mmol).	 After	 40	 minutes	 was	 added	 4-
fluorophenol	 (150	 mg,	 1.34	 mmol)	 from	 THF	 (2	 ml)	 and	 tert-butyl	 (3-hydroxy-3-
phenylpropyl)(methyl)carbamate	(240	mg,	0.90	mmol)	from	THF	(5	ml).	The	reaction	was	
allowed	 to	 reach	 room	 temperature	 and	 left	 over	 night.	 Solvents	 were	 removed	 under	
reduced	pressure	and	the	crude	purified	using	flash	column	chromatography	(15%	EtOAc	
in	hexanes)	affording	 the	product	as	pale	pink	oil	 in	50%	(163	mg,	0.45	mmol).	 1H	NMR	
(400	MHz,	Chloroform-d)	δ	7.36	–	7.29	(m,	4H),	7.28	–	7.22	(m,	1H),	6.88	–	6.81	(m,	2H),	
6.78	–	6.71	(m,	2H),	5.03	(dd,	J	=	8.7,	4.1	Hz,	1H),	3.52	–	3.24	(m,	2H),	2.84	(s,	3H),	2.13	(s,	
1H),	2.05	(dtd,	J	=	13.9,	7.7,	4.1	Hz,	1H),	1.39	(s,	9H).	19F	NMR	(377	MHz,	CDCl3)	δ	-123.9.	13C	
NMR	 (101	MHz,	 CDCl3)	 δ	 157.3	 (	1JCF	 =	 238	Hz),	 155.9,	 154.2,	 141.6,	 128.9,	 127.9,	 125.9,	
117.0,	 115.8	 (	 2JCF	 =	 23	 Hz),	 79.5,	 78.2,	 46.0,	 37.3,	 34.7,	 28.5.	 HR-ESIMS:	m/z	382.1789	
[M+Na]+	(C21H26FNNaO3+,	calculated	382.1789).	
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3-(4-fluorophenoxy)-N-methyl-3-phenylpropan-1-amine.	 To	 tert-butyl	 (3-(4-
fluorophenoxy)-3-phenylpropyl)(methyl)carbamate	 (145	mg,	 0.40	mmol)	 in	 DCM	 (5	ml)	
was	added	TFA	(1	ml)	and	left	at	room	temperature	for	6	hours.	The	reaction	mixture	was	
diluted	with	DCM	and	washed	with	14%	ammonia	and	brine.	The	organic	phase	was	dried	
over	sodium	sulphate	and	evaporated	to	dryness	under	reduced	pressure.	The	crude	was	
purified	 via	 flash	 column	 chromatography	 (8-20%	 MeOH	 in	 DCM)	 affording	 the	 target	
compound	as	pale	yellow	oil	(41	mg,	0.16	mmol)	in	40%.	1H	NMR	(400	MHz,	Chloroform-d)	δ	
7.47	–	7.11	(m,	5H),	6.95	–	6.59	(m,	4H),	5.16	(dd,	J	=	8.3,	4.7	Hz,	1H),	2.76	(t,	J	=	7.4	Hz,	2H),	2.44	(s,	
3H),	2.18	(dq,	J	=	14.3,	7.1	Hz,	1H),	2.00	(ddt,	J	=	14.2,	7.2,	3.6	Hz,	1H),	1.94	(broad	s,	1H).	19F	NMR	
(377	MHz,	CDCl3)	δ	-123.8.	13C	NMR	(101	MHz,	CDCl3)	δ	157.3	(1JCF	=	239	Hz),	154.3	(4JCF	=	2	Hz),	
141.7,	128.8,	127.8,	126.1,	117.2	(3JCF	=	8	Hz),	115.8	(2JCF	=	23	Hz),	79.4,	48.5,	38.7,	36.5.	

	

	

8-methyl-8-azabicyclo[3.2.1]octan-3-yl	4-iodobenzoate.	To	Tropine	(564	mg,	4.4	mmol)	
in	THF	(40	ml)	was	added	triethylamine	(556	µl,	4.0	mmol),	DMAP	(24	mg,	0.2	mmol)	and	
4-iodobenzoyl	chloride	 (1066	mg,	4	mmol)	and	 left	over	night	at	 room	temperature.	The	
crude	 was	 diluted	 with	 DCM,	 washed	 with	 sat.	 NaHCO3	 and	 brine.	 The	 solvents	 were	
removed	under	reduced	pressure	and	the	crude	purified	via	flash	column	chromatography	
(8-25%	MeOH	in	DCM)	affording	the	target	compound	(290	mg,	0.78	mmol)	as	white	solids	
in	20%.	1H	NMR	(400	MHz,	Methanol-d4)	δ	7.96	–	7.83	(m,	2H),	7.79	–	7.72	(m,	2H),	5.20	(t,	
J	=	5.3	Hz,	1H),	3.29	–	3.24	(m,	2H),	2.37	(s,	3H),	2.25	(dt,	J	=	15.5,	4.6	Hz,	2H),	2.21	–	2.07	
(m,	4H),	1.95	–	1.83	(m,	2H).	13C	NMR	(101	MHz,	MeOD)	δ	166.7,	148.6,	139.2,	131.8,	131.4,	
101.6,	69.1,	61.3,	40.3,	36.9,	26.4.	HR-ESIMS:	m/z	372.0455	[M+H]+	(C15H19INO2+,	calculated	
372.0455).		
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8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-fluorobenzoate.	 To	 Tropine	 (282	 mg,	 2.0	
mmol)	in	PhMe	(2	ml)	at	reflux	was	added	4-iodobenzoyl	chloride	(260	µl,	2.2	mmol)	and	
kept	for	5.5	hours.	The	crude	was	diluted	with	DCM,	washed	with	sat.	NaHCO3	and	brine.	
The	 solvents	 were	 removed	 under	 reduced	 pressure	 and	 the	 crude	 purified	 via	 flash	
column	chromatography	(0-25%	MeOH	in	DCM)	affording	the	target	compound	(212	mg,	
0.81	mmol)	as	white	solids	in	40%.	1H	NMR	(400	MHz,	Chloroform-d)	δ	8.05	–	7.96	(m,	2H),	
7.18	–	7.09	(m,	2H),	5.33	(t,	J	=	5.2	Hz,	1H),	3.51	(s,	2H),	2.71	(s,	2H),	2.57	(s,	3H),	2.25	(s,	
4H),	2.00	(d,	J	=	15.5	Hz,	2H).	19F NMR (377 MHz, Chloroform-d) δ -105.12 (s).		
13C	NMR	(101	MHz,	CDCl3)	δ	166.0	(1JCF	=	255	Hz),	164.7,	132.0	(3JCF	=	9	Hz,),	126.6	(4JCF	=	3	
Hz),	 115.9	 (1JCF	 =	 22	 Hz),	 66.9,	 61.0,	 39.6,	 35.5,	 25.4.HR-ESIMS:	 m/z	 264.1394	 [M+H]+	
(C15H19FNO2+,	calculated	264.1394).		

Kinetic	NMR	and	radiotracer	experiments	
An NMR analysis of the reaction complemented HPLC and radioHPLC analysis. The product 
profile was recorded over minutes in presence and absence of catalyst to structurally identify 
each side product. 

	

A	V-bottomed	vial	was	charged	with	K-222	(20	mg,	53	µmol)	and	K2CO3	x	1.5	H2O	(3.68	mg,	
22.2	µmol)	in	30/70	water/acetonitrile	(1	ml).	The	vial	was	heated	at	85oC	under	a	stream	
of	 nitrogen.	 After	 evaporation	 of	 bulk	 solvents,	 AcN	 (1	ml)	was	 added.	 The	 process	was	
repeated	2	consecutive	times.	After	the	capped	vial	had	cooled	to	room	temperature,	5-((4-
(benzyloxy)-2-fluorophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	 (9.54	
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mg,	 20	 µmol),	 4-trifluoromethylbiphenyl	 (~2	mg,	 9	 µmol)	 and	 PPh3	 (0	 or	 20	 µmol)	was	
added	 from	DMF	(2	ml).	The	vial	placed	on	a	heating	block	at	130	 oC.	 Samples	of	250	µl	
were	taken	at	the	following	time	points	0,	2,	3,	4,	6,	10	and	20	minutes	and	transferred	to	
an	NMR	 tube	on	 ice	 in	 the	dark.	The	 samples	were	diluted	with	350	µl	 of	DMSO-d6	 and	
analysed	via	1H	and	19F	NMR.	
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6. Carrier added experiments 
A	concentration	dependent	experiment	was	conducted	to	determine	the	molar	conversion	
of	precursor	as	a	function	of	amount	of	substance	of	fluoride	ion.		

	

A	V	vial	was	charged	with	crypt-222	(40	mg,	106	µmol)	and	K2CO3	(7.36	mg,	44.4	µmol)	in	
30/70	water/acetonitrile	(1	ml)	containing	18F-activity.	The	vial	was	heated	at	85oC	under	
a	 stream	of	 nitrogen.	After	 evaporation	of	 bulk	 solvents	4	 µM	–	40	mM	KF:K222:	K2CO3,	
1:4:1	(100	µl	(1000	µl	for	40	µmol	addition))	in	30/70	water/acetonitrile	(1	ml)	and	AcN	
(1	 ml)	 was	 added.	 The	 drying	 process	 was	 repeated	 2	 consecutive	 times.	 The	 dried	
contents	of	the	vial	was	dissolved	in	DMF	(2000	µl)	and	distributed	equally	into	4	vials.	5-
((4-(benzyloxy)phenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	 (4.52	 mg,	
10	µmol)	 and	PPh3	 (0	or	2.62	mg,	10	µmol)	was	added	 from	stock	 in	DMF	 (500	µl).	The	
vials	were	 capped	 and	 heated	 in	 a	 heating	 block	 at	 130	 oC	 for	 20	minutes.	 The	 reaction	
mixture	was	analysed	via	radioTLC.	

Table S3: Yield of the aryl fluoride formation over 20 minutes in absence and presence of PPh3. 

[F-]a		 RCYb	/	%	
		mol/L		 control	 control	 Average	 Standard	deviation	

1,3E-05	 44	 50	 47	 3	
1,86E-05	 38	 43	 41	 3	
2,4E-05	 52	 43	 47	 4	
0,000112	 33	 35	 34	 1	
0,001	 17	 19	 18	 1	
0,01	 4	 9	 6	 2	
0,1	 0	 0	 0	 0	
1	 0	 0	 0	 0	
[F-]a		 RCYb	/	%	

	
	

		mol/L		 +PPh3	 	+PPh3	 Average	 Standard	deviation	
1,3E-05	 63	 61	 62	 1	
1,86E-05	 60	 36	 48	 12	
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2,4E-05	 52	 58	 55	 3	
0,000112	 58	 63	 60	 2	
0,001	 64	 64	 64	 0	
0,01	 43	 47	 45	 2	
0,1	 20	 19	 20	 1	
1	 5	 5	 5	 0	
a)	18F	chemical	activity/concentration;	b)	Radiochemical	yield	in	%	

7. NMR experiments – fluorination under stoichiometric conditions 
In	 order	 to	 investigate	 the	 educt	 and	 product	 distribution	 over	 time,	 serial	 NMR	
experiments	were	conducted.	These	experiments	would	not	only	allow	 for	an	analysis	of	
the	 effect	 of	 triphenyl	 phosphine	 and	 degassing,	 respectively,	 but	 also	 decouple	 our	
previous	experiences	from	no-carrier-added	radiochemistry	conditions.		

To	CsF	 (3.0	–	17	mg,	20	 -	110	µmol)	was	added	5-((4-(benzyloxy)-2-fluorophenyl)-l3-
iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	 (4.70	 mg,	 10	 µmol)	 and	 4-
trifluoromethylbiphenyl	(~0.5	mg,	2.5	µmol)		from	DMF	(0.5	ml)	and	PPh3	(0	–	2.62	mg,	10	
µmol).	The	reaction	mixture	was	heated	for	20-30	minutes	at	130-150	oC.	A	portion	of	the	
reaction	mixture	 (300	 µl)	was	 transferred	 to	 an	 NMR	 tube	 and	 300	 µl	 of	 DMSO-d6	was	
added.	The	reactions	were	analysed	via	19F-NMR	analysis.		

8. Origin of reduced side products: Alkene migration experiment 
Deiodinated	 arenes	 were	 observed	 as	 major	 side	 products	 both	 by	 HPLC	 and	 NMR,	
respectively.		These	may	indicate	the	presence	of	radicals	in	the	reaction	mixture.	To	test	if	
this	major	non-radioactive	side	product	was	indeed	formed	via	hydrogen	abstraction	by	a	
putative	arene-radical	 intermediate,	we	decided	to	employ	a	radical	 indicator.	 In	brief,	4-
allyl	 anisol	 was	 used	 to	 reveal	 unpaired	 electrons	 via	 radical	 induced	 migration	 of	 the	
double	bond.		

To	 5-((4-(benzyloxy)phenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
(9mg,	20µmol)	 in	DMF	(1	ml)	was	added	1-allyl-4-methoxybenzene	(20	µmol,	3	mg)	and	
heated	at	130	degrees	for	20	mintues.	A	small	sample	was	withdrawn	for	crude	NMR	and	
the	 remains	were	diluted	with	ether	 (10	ml)	and	poured	 into	water	 (10	ml).	The	phases	
were	separated.	The	organic	phase	was	dried	over	sodium	sulphate	and	 the	bulk	solvent	
removed	under	reduced	pressure.	The	crude	was	analysed	via	NMR.	

Despite	 several	 attempts,	 no	 double-bond	 migration	 was	 apparent	 under	 our	 reaction	
conditions.	
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9. HPLC chromatograms for selected experiments 

	
	
Standard	procedure:	
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Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 1	 min	 N2

	

	
RCC	

	 	 	Entry	 Conditions	 Average	RCC	 Standard	deviation	 Repetitions	
1	 8,70	 42,80	 19,20	 9,60	
2	 5,80	 38,20	 14,50	 13,10	
3	 19,30	 16,40	

	 	4	 6,70	 19,20	
	 	

	 	 	 	 	Entry	 Conditions	 RCC	 Standard	deviation	 Repetitions	
1	 control	 10	 5	 4	
2	 	+PPh3	 29	 12	 4	

3	 	+N2	 17	 2	 2	
4	 	+PPh3,	+N2	 11	 2	 2	
		 	



	 34	

	

	
Standard	procedure	+	100	mol%	PPh3	
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Standard	 procedure	
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Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 N2

	
RCC	

	 	 	 	
Entry	 control	 +PPh3	 	+N2	

+PPh3,	
+N2	

1	 37,40	 93,30	 83,10	 96,40	
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2	 59,30	 94,10	 83,10	 97,00	
3	 71,30	 92,50	

	 	4	 72,40	 96,90	
	 	5	 89,20	 92,40	
	 	

	
69,00	

	 	 	
	 	 	 	 	
Entry	 Conditions	

Average	
RCC	

Standard	
deviation	 Repetitions	

1	 control	 66	 16	 6	
2	 	+PPh3	 94	 2	 5	
3	 	+N2	 83	 0	 2	

4	
	+PPh3,	
+N2	 97	 0	 2	

	

	
Standard	procedure	+	100	mol%	PPh3	
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Standard	procedure:	
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	
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RCC	

	 	 	 	
Entry	 control	 +PPh3	 	+N2	

+PPh3,	
+N2	

1	 53,50	 90,30	 95,40	 88,90	
2	 59,20	 81,50	 93,60	 86,90	
3	 54,60	 94,00	

	 	4	
	

92,60	
	 	

	 	 	 	 	
Entry	 Conditions	 Average	RCC	

Standard	
deviation	 Repetitions	

1	 control	 56	 2	 3	
2	 	+PPh3	 90	 5	 4	
3	 	+N2	 95	 1	 2	

4	
	+PPh3,	
+N2	 88	 1	 2	

	

	
	
Standard	procedure:	
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Standard	procedure:	
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	
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RCC	
	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	

1	 19	 61	 73,10	 74,50	
2	 39	 61	 76,60	 74,70	
3	 47	 60	 	 	4	 50	 65	 	 	5	 42	 66	 	 	6	 43	 71	 	 	7	 58	 70	 	 	8	 52	 69	 	 	9	 26	 61	 	 	10	 44	 	 	 	11	 47	 	 	 	12	 58	 	 	 	13	 61	 	 	 	14	 50	 	 	 	15	 44	

	 	 	16	 47	
	 	 	17	 58	
	 	 	

	 	 	 	 	
	

RCC	
	 	 	

Entry	 Conditions	
Average	
RCC	 Standard	deviation	 Repetitions	

1	 control	 46	 11	 17	
2	 	+PPh3	 65	 4	 9	
3	 	+N2	 75	 2	 2	

4	
	+PPh3,	
+N2	 75	 0	 2	
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Standard	 procedure	 (purified	 on	 C18	 cartridge)
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Standard	 procedure
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Standard	procedure		
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Standard	procedure	+	100	mol%	PPh3	

	

	
RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 29,60	 49,10	 84,90	 76,00	
2	 20,50	 52,10	 80,90	 85,30	

	 	 	 	 	Entry	 Conditions	Average	RCC	Standard	deviation	Repetitions	
1	 control	 25	 5	 2	
2	 	+PPh3	 51	 2	 2	
3	 	+PPh3,	+N2	81	 5	 2	
4	 	+N2	 83	 2	 2	
		 	



	 49	

	
Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	
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Standard	procedure		
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Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 1	 min	 N2

	

	

	
	-Boc	 	+Boc	 RCC		

ratio	 +boc/-
boc	

control	 1,9	 3,2	 5,1	 1,7	
control	 3,9	 5,4	 9,3	 1,4	
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+PPh3	 10,8	 11,5	 22,3	 1,1	
+PPh3	 12,9	 13,1	 26	 1,0	

	 	 	 	 		+N2	 20,4	 13,8	 34,2	 0,7	
	+N2	 23,1	 17,8	 40,9	 0,8	
	+N2	 18	 19,3	 37,3	 1,1	
	+N2	 18,1	 16	 34,1	 0,9	

	 	 	 	 	+PPh3,	
+N2	 16,6	 22,3	 38,9	 1,3	
+PPh3,	
+N2	 14,3	 18,1	 32,4	 1,3	
+PPh3,	
+N2	 20,4	 21,6	 42	 1,1	
		

	
RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	Repetitions	
1	 control	 7	 2	 2	

	2	 	+PPh3	 24	 2	 2	
	3	 	+N2	 37	 3	 4	
	4	 	+PPh3,	+N2	38	 4	 3	
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Standard	 procedure	 +	 100	 mol%	 PPh3
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Standard	procedure		
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Standard	 procedure	 +	 100	 mol%	 PPh3

	

	
RCC	

	 	Entry	 control	 	+N2	
1	 18,20	 89,80	
2	 48,20	 93,50	

	
RCC	

	 	 	
Entry	 Conditions	 Average	

Standard	
deviation	 Repetitions	
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1	 control	 33	 15	 2	
2	 	+N2	 92	 2	 2	
	

	
Standard	procedure	
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Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 1	 min	 N2

	

	

4-Fluoro-1-
iodobenzene	 Fluorobenzene	 RCC	 ratio	

control	 62,50	 21,88	 84,38	 0,74	
control	 62,40	 23,10	 85,50	 0,73	

	 	 	 	 	+PPh3	 84,40	 5,70	 90,10	 0,94	
+PPh3	 81,60	 4,60	 86,20	 0,95	

	 	 	 	 		+N2	 98,70	 1,30	 100,00	 0,99	
	+N2	 89,70	 1,00	 90,70	 0,99	

	 	 	 	 	+PPh3,	
+N2	 100,00	 0,00	 100,00	 1,00	
+PPh3,	
+N2	 100,00	 0,00	 100,00	 1,00	
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RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	Repetitions	
1	 control	 85	 1	 1:3	 2	
2	 	+PPh3	 88	 2	 1:19	 2	
3	 	+N2	 95	 5	 1:99	 2	
4	 	+PPh3,	+N2	100	 0	 0:1	 2	
	
	

	
	
Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	
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Standard	procedure:	
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	

	
RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 traces	 11,10	 70,60	 48,90	
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2	 traces	 25,10	 52,80	 72,40	
3	 traces	 9,60	 50,60	 64,20	
4	 traces	 21,10	

	 	
	

RCC	
	 	 	 	

Entry	
Condition
s	 Average	RCC	

Standard	
deviation	

Product:Byproduc
t	

Repetition
s	

1	 control	 traces	 NA	 NA	 4	
2	 	+PPh3	 17	 7	 1:6	 4	
3	 	+N2	 58	 9	 1:11	 3	

4	
	+PPh3,	
+N2	 62	 10	 1:11	 3	

	

	
	
Standard	procedure:	
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	
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RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 12	 43,6	 69,2	 55	
2	 9,7	 40,4	 69,3	 60,9	
3	

	 	
61,4	

			

Entry	 Conditions	
Average	
RCC	

Standard	
deviation	 Repetitions	

1	 control	 11	 1	 2	
2	 	+PPh3	 42	 2	 2	
3	 	+N2	 67	 4	 3	
4	 	+PPh3,	+N2	58	 3	 2	
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Standard	procedure:	
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Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 1	 min	 N2

	

	
RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 35,20	 54,60	 96,30	 97,20	
2	 13,60	 56,80	 95,80	 94,80	
		

Entry	 Conditions	
Average	
RCC	

Standard	
deviation	 Repetitions	

1	 control	 24	 11	 2	
2	 	+PPh3	 56	 1	 2	
3	 	+N2	 96	 0	 2	
4	 	+PPh3,	+N2	96	 1	 2	
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Standard	procedure:	

	

	
	
	



	 67	

Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 1	 min	 N2

	

	
RCC	

	 	 	 	
Entry	 control	 +PPh3	 	+N2	

+PPh3,	
+N2	

1	 88,5	 94,7	 77,8	 82,3	
2	 91,1	 99,6	 98,2	 99,5	
		

	
RCC	

	 	 	Entry	 Conditions	Average	 Standard	deviation	Repetitions	
1	 control	 90	 1	 2	
2	 	+PPh3	 97	 2	 2	
3	 	+N2	 88	 10	 2	
4	 	+PPh3,	+N2	91	 9	 2	
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Standard	procedure:	
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Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 1	 min	 N2

	

	
RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 23,4	 89	 74,1	 94,8	
2	 31,1	 87,8	 63,5	 93,4	
3	

	 	
81,3	

			

	
RCC	

	 	 	Entry	 Conditions	Average	 Standard	deviation	Repetitions	
1	 control	 27	 4	 2	
2	 	+PPh3	 88	 1	 2	
3	 	+N2	 73	 7	 3	
4	 	+PPh3,	+N2	94	 1	 2	
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Standard	procedure:	
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Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 1	 min	 N2

	

	
RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 45,50	 92,00	 95,40	 91,00	
2	 50,40	 97,40	 95,00	 92,20	
3	 55,30	 89,00	

	 	4	 47,80	 93,40	
	 			

	
RCC	

	 	 	Entry	 Conditions	Average	RCC	Standard	deviation	Repetitions	
1	 control	 50	 4	 4	
2	 	+PPh3	 93	 3	 4	
3	 	+N2	 95	 0	 2	
4	 	+PPh3,	+N2	92	 1	 2	
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Standard	procedure:	
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Standard	 procedure	 +	 100	 mol%	 PPh3	 +	 1	 min	 N2

	

	
RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 89,70	 65,10	 93,80	 81,60	
2	 91,60	 86,60	 85,70	 51,60	
3	 93,10	 85,50	

	 	4	 92,50	 78,20	
	 			

Entry	 Conditions	
Average	
RCC	

Standard	
deviation	 Repetitions	

1	 control	 92	 1	 4	
2	 	+PPh3	 79	 9	 4	
3	 	+N2	 90	 4	 2	
4	 	+PPh3,	+N2	67	 15	 2	
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Standard	procedure:	
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	

	

	

RCC	
	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	

1	 94.50	 99.40	 95.10	 99.30	
2	 95.70	 99.00	 99.40	 99.20	
	
	 RCC	

	 	 	Entry	 Conditions	 Average	RCC	Standard	deviation	 Repetitions	
1	 control	 95	 1	 2	
2	 	+PPh3	 99	 0	 2	
3	 	+N2	 97	 2	 2	
4	 	+PPh3,	+N2	99	 0	 2	
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2
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Standard	procedure	

	

	



	 78	

Standard	procedure	+	1	min	N2

	

	

RCC	
	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	

1	 2	 7	 21	 17	
	



	 79	

	
Standard	procedure:	

	

	
	
Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	
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RCC	

	 	 	 	
Entry	 control	 +PPh3	 	+N2	

+PPh3,	
+N2	

1	 78,70	 74,60	 84,10	 91,90	
2	 80,20	 78,30	 66,30	 84,70	
3	 72,40	 64,50	

	 	4	 70,70	 54,60	
	 	5	 66,80	 59,20	
	 		

	
RCC	

	 	 	 	
Entry	 Conditions	

Average	
RCC	

Standard	
deviation	

Product:Byproduc
t	

Repetition
s	

1	 control	 74	 5	 2:7	 5	
2	 	+PPh3	 66	 9	 2:7	 5	
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3	 	+N2	 75	 9	 1:5	 2	
4	 	+PPh3,	+N2	 88	 4	 1:5	 2	
	

	
Specific	activity	
	
271	MBq	was	produced	with	a	specific	activity	of	274	GBq/µmol.	
	
Standard	procedure	+	1	min	N2	
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RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 10,40	 19,30	 46,70	 58,70	
2	 26,40	 33,90	 46,70	 42,70	
3	 19,50	 15,20	 59,50	 56,00	
		

	
RCC	

	 	 	Entry	 Conditions	Average	RCC	Standard	deviation	Repetitions	
1	 control	 19	 7	 3	
2	 	+PPh3	 23	 8	 3	
3	 	+N2	 51	 6	 3	
4	 	+PPh3,	+N2	52	 7	 3	
		
Entry	 Decay	corr.	Yield	 n.d.c.	Yield	 MBq	of	product	 RCP	
1	 0,30	 0,21	 131	 <95%	
2	 0,62	 0,43	 271	 <95%	
3	 0,36	 0,25	 106	 <95%	
	

Entry	
Average	 n.d.c.	
yield	%	

Standard	
deviation	

1	 0,29	 0,10	
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Standard	 procedure:
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2,	C18	purified.	

	

	 	



	 86	

	
10	minutes	at	100	oC	in	6M	HCl	(THF:H2O,	1:1)	
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Standard	procedure:	(TLC	plate	was	developed	to	45	mm)	
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RCC	

	 	 	 	Entry	 control	 +PPh3	 	+N2	 +PPh3,	+N2	
1	 87,00	 88,40	 96,70	 95,70	
2	 77,10	 87,50	 95,20	 91,30	
		

	
RCC	

	 	 	Entry	 Conditions	Average	RCC	Standard	deviation	Repetitions	
1	 control	 82	 5	 2	
2	 	+PPh3	 88	 0	 2	
3	 	+N2	 96	 1	 2	
4	 	+PPh3,	+N2	94	 2	 2	
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Standard	procedure	+	100	mol%	PPh3	+	1	min	N2	
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10. 1H, 13C and 19F NMR		

4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)-N,N-dimethylbenzamide
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4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)-N,N-dimethylbenzamide	

	

	 	



	 92	

5-([1,1'-biphenyl]-4-yl-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-([1,1'-biphenyl]-4-yl-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-((4-(benzyloxy)phenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-((4-(benzyloxy)phenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione
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5-((4-methoxyphenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione		
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5-((4-methoxyphenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	

		 	



	 98	

5-((4-(benzyloxy)-2-fluorophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-((4-(benzyloxy)-2-fluorophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione
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	 5-((4-(benzyloxy)-2-fluorophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione
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2,2-dimethyl-5-(phenyl-l3-iodaneylidene)-1,3-dioxane-4,6-dione	
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2,2-dimethyl-5-(phenyl-l3-iodaneylidene)-1,3-dioxane-4,6-dione
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4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)benzonitrile	
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4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)benzonitrile
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N-(4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenyl)-N-methylformamide
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N-(4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenyl)-N-methylformamide	
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5-((2-methoxyphenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione

5-	
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((2-methoxyphenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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N-(3-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenyl)acetamide	

	N-	
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(3-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenyl)acetamide	
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5-((4-chlorophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione
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5-((4-chlorophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione
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5-((3,5-dimethylphenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-((3,5-dimethylphenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-((2,6-dimethylphenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione
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5-((2,6-dimethylphenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione

	



	 117	

tert-butyl	 5-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)-1H-indole-1-carboxylate
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tert-butyl	 5-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)-1H-indole-1-carboxylate	
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5-((4-(azidomethyl)phenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-((4-(azidomethyl)phenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-((4-iodophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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5-((4-iodophenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione	
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4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenyl	 4-methylbenzenesulfonate	

	

	 	



	 124	

4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenyl	 4-methylbenzenesulfonate	
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5-((4-((1H-benzo[d]imidazol-1-yl)methyl)phenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-
dione	
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5-((4-((1H-benzo[d]imidazol-1-yl)methyl)phenyl)-l3-iodaneylidene)-2,2-dimethyl-1,3-dioxane-4,6-
dione	
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tert-butyl	 (3-(4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenoxy)-3-
phenylpropyl)(methyl)carbamate	
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tert-butyl	 (3-(4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-iodaneyl)phenoxy)-3-
phenylpropyl)(methyl)carbamate	
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8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-
iodaneyl)benzoate

	

	 	



	 130	

8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-((2,2-dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)-l3-
iodaneyl)benzoate	
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4-(benzyloxy)-1,2-difluorobenzene	
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4-(benzyloxy)-1,2-difluorobenzene	
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4-(benzyloxy)-1,2-difluorobenzene	
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tert-butyl	 (4-(benzyloxy)-2-fluorophenyl)carbamate

	



	 135	

tert-butyl	 (4-(benzyloxy)-2-fluorophenyl)carbamate	
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tert-butyl	 (4-(benzyloxy)-2-fluorophenyl)carbamate	

	

	 	



	 137	

4-(benzyloxy)-2-fluoroaniline	

	



	 138	

4-(benzyloxy)-2-fluoroaniline
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4-(benzyloxy)-2-fluoroaniline	
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N-(4-iodophenyl)-N-methylformamide	

	



	 141	
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tert-butyl	 (3-(4-iodophenoxy)-3-phenylpropyl)(methyl)carbamate	
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tert-butyl	 (3-(4-iodophenoxy)-3-phenylpropyl)(methyl)carbamate	

	

	 	



	 144	

tert-butyl	 (3-(4-fluorophenoxy)-3-phenylpropyl)(methyl)carbamate	
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tert-butyl	 (3-(4-fluorophenoxy)-3-phenylpropyl)(methyl)carbamate	

	

	 	



	 146	

tert-butyl	 (3-(4-fluorophenoxy)-3-phenylpropyl)(methyl)carbamate	
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8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-iodobenzoate	
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8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-iodobenzoate	
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3-(4-fluorophenoxy)-N-methyl-3-phenylpropan-1-amine	
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3-(4-fluorophenoxy)-N-methyl-3-phenylpropan-1-amine

	



	 151	

3-(4-fluorophenoxy)-N-methyl-3-phenylpropan-1-amine	

	



	 152	

8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-fluorobenzoate	
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8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-fluorobenzoate
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8-methyl-8-azabicyclo[3.2.1]octan-3-yl	 4-fluorobenzoate
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NMR	 degradation	 standard	 conditions

	

After	0,	2,	3,	4,	6,	10,	20	minutes	starting	from	bottom.	
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NMR	degradation	standard	conditions		

	

After	0,	2,	3,	4,	6,	10,	20	minutes	starting	from	bottom.	
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NMR	degradation	standard	conditions	+	100mol%	PPh3	

	

After	0,	2,	3,	4,	6,	10,	20	minutes	starting	from	bottom.	
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NMR	degradation	standard	conditions	+	100mol%	PPh3	

	

After	0,	2,	3,	4,	6,	10,	20	minutes	starting	from	bottom.	
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NMR	 degradation	 standard	 conditions

	

After	0,	2,	3,	4,	6,	10,	20	minutes	starting	from	bottom.	
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NMR	 degradation	 standard	 conditions	

	

After	0,	2,	3,	4,	6,	10,	20	minutes	starting	from	bottom.	
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NMR	degradation	standard	conditions	+	100mol%	PPh3	

	

After	0,	2,	3,	4,	6,	10,	20	minutes	starting	from	bottom.	
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NMR	degradation	standard	conditions	+	100mol%	PPh3	

	

After	0,	2,	3,	4,	6,	10,	20	minutes	starting	from	bottom.	
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Alkene	 migration	 experiment
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11. Radio TLC data 
	

11.1	Ligand	screening:	
Entry 1: 
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Entry 2: 

 

 

Entry 3: 



	 166	
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Entry 4: 
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Entry 5: 
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Entry 6: 
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Entry 7: 
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Entry 8: 
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Entry 9: 
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Entry 10: 
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Entry 11: 
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Radio	TLC	kinetics	
Standard procedure + 100 mol% PPh3 + 1 min N2 starting point: 
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Standard procedure + 100 mol% PPh3 + 1 min N2 1 min:

 

 



	 177	

Standard procedure + 100 mol% PPh3 + 1 min N2 2 min:
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Standard procedure + 100 mol% PPh3 + 1 min N2 3 min:
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Standard procedure + 100 mol% PPh3 + 1 min N2 4 min:
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Standard procedure + 100 mol% PPh3 + 1 min N2 5 min: 
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Standard procedure + 100 mol% PPh3 + 1 min N2 6 min:

 

 



	 182	

Standard procedure + 100 mol% PPh3 + 1 min N2 8 min:
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Standard procedure + 100 mol% PPh3 + 1 min N2 10 min:
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Standard procedure + 100 mol% PPh3 + 1 min N2 15 min:
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Standard procedure + 100 mol% PPh3 + 1 min N2 20 min:
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Standard procedure + 100 mol% PPh3 + 1 min N2 30 min:
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Standard procedure 0 min:

 

 

Standard procedure 1 min: 
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Standard procedure 2 min:
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Standard procedure 3 min:

 

 



	 191	

Standard procedure 4 min:
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Standard procedure 5 min:
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Standard procedure 6 min:
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Standard procedure 8 min:
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Standard procedure 10 min:
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Standard procedure 12 min:
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Procedure 15 min:
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Standard procedure 20 min:
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Standard procedure 30 min:
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11.3 RadioTLC	carrier	added	experiments	
 

Standard conditions +0.00001 equivalents (KF:K222:K2CO3; 1:4:1); 100mol% PPh3

 

 



	 201	

 

Standard conditions +0.0001 equivalents (KF:K222:K2CO3; 1:4:1); 100mol% PPh3
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Standard conditions +0.0001 equivalents (KF:K222:K2CO3; 1:4:1); 100mol% PPh3
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Standard conditions +0.001 equivalents (KF:K222:K2CO3; 1:4:1); 100mol% PPh3 
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Standard conditions +0.01 equivalents (KF:K222:K2CO3; 1:4:1); 100mol% PPh3
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Standard conditions +0.1 equivalents (KF:K222:K2CO3; 1:4:1); 100mol% PPh3 
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Standard conditions +1 equivalents (KF:K222:K2CO3; 1:4:1); 100mol% PPh3 
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Standard conditions + 0.000001 equivalents (KF:K222:K2CO3; 1:4:1) 
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Standard conditions + 0.00001 equivalents (KF:K222:K2CO3; 1:4:1); 
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Standard conditions  +0.0001 equivalents (KF:K222:K2CO3; 1:4:1)	
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Standard conditions + 0.001 equivalents (KF:K222:K2CO3; 1:4:1)	
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Standard conditions + 0.01 equivalents (KF:K222:K2CO3; 1:4:1)	
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Standard conditions + 0.1 equivalents (KF:K222:K2CO3; 1:4:1)	
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Standard conditions +1 equivalents (KF:K222:K2CO3; 1:4:1)	
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HPLC chromatogram for reference compounds 
Reference HPLC chromatograms  

 

	



	 215	

 

 



	 216	
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